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ABSTRACT

Dietary Factors and Induction of Hepatic 11icrosomal
Hydroxylative Enzymes by Organochlorine
Pesticides
by

D. Jesse \vagstaff, Doctor of Philosophy
Utah State University , 19€9
}~jor Professor:
Dr . Joseph C. Street
Department: Toxicology

Induction of hepatic microsomal hydroxylative enzymes is an important aspect of detoxication of fat-soluble toxicants.

The magnitude of

induction depends on numerous factors , such as the nature and dose of
toxicant as well as dietary factors.

Research was conducted on (1) en-

drin tolerance in rats, (2) preliminary comparisons of inductive effects
of various organochlorine pesticides in rats to select compounds for
further study in guinea pigs , (3) general effects of various dietary
factors on induction, and (4) effects of ascorbic acid deficiency on
induction of hepatic microsomal hydroxylative enzymes by organochlorine
pesticides in guinea pigs.

J.leasurements were made of body weight gain,

feed consumption, liver weight,

ill~

and

ill~

enzyme activities,

and body levels of pesticides and vitamins .
Tolerance developed in rats fed 25 ppm endrin in the diet.

There

was severe intoxication during the first week but complete recovery of
rate of body weight gain and feed consumption occurred during the :;econd
week, in spite of continued ingesti on of the endrin-containing diet .
duction of endrin-degrading microsomal enzymes was proposed as the

In-

Viii
mec~sm

for tolerance .

dimini~hed
~dth

Pretreatment with the potent inducer , dieldrin ,

the severity of endrin intoxication .

HoHever, pretreatment

another inducer, phenobarbital, afforded less protection in propor-

tion to the extent of microsomal enzyme induction .
Organochlorine pesticides , tested for their inductive capacity in
rats, in decreasing ordor of effectiveness t;hen fed as

25 ppm of the

diet for 15 days , were heptachlor epoxide, dieldrin, endrin , 1 ,1-Bis(p- chlorophenyl) - 2 , 2,2- Trichloroethane (DDT) , Ovex , g =- chlordane ,
and lindane .
1 to

50

Of these , DDT and dieldrin ~1ere canpared over the range of

ppm of the diet .

dietary lovels .

Dieldrin was a more potent inducer at all

At law doses both compounds produced gr eator induction

when measured by hexobarbital sleep time than by the in vitro enzyme
procedures .

At high doses , the

in~

0- ethyl 0-p- nitrophenyl phonyl-

phosphonothioato (EPN) detoxi cation Has a mor e responsive measure .
Dieldrin, DDT , and lindane

~1ore

fed to guinea pigs at

25 ppm of the

diet for 15 days , but only dieldrin stimulated a significant level of
induction .

DDT antagoni:rn of dieldrin storage seen in rab by Str eet

(Sci. 146:1580 , 1964) did not occur in guinea pigs, but rathe r dieldrin
antagonized DDT storage .
Some general dietary factors affecting induction in rats were observed.

A semipurified diet lawe rod the ba::;cline microsomal enzyme

activity but supported induction as effectively as a conventional diet .
Vitamin A at very high dietary levels induced enzyme actiVity ; this induction Has apparently additive to that produced by 1 ppr.! dieldrin .
Other fat- soluble Vitamins produced inconsistent responses .
Ascorbic acid deficiency in GUinea pigs impair ed induction by
dieldrin.

Impairment t·Jas seen by the second day on tho deficient diot .

ix
HOI<ovor , dieldrin HaG able to produce .a ::;maD. amount of induction at i l l
stage:; of deficiency .

In frank :;curvy , induction by DDT and lindane 1·1aa

canpletely bloclced , but thor o ua:; a moder ate l evel of induction by dieldrin.

1-!aintenance of maximum induction

than liver level:; of aacorbic acid;

50

~laG

r elated to dietary rather

ppm ascorbic acid in the diet

was groaaly inadequate 11hilo 200 ppm supported about 80% of t ho induction
produced by f eeding 2000 ppm.
It ';laG concluded that (1) microsomal enzyme induction ia important

in resiatance to organochlorine intoxication , ( 2 ) f actor:; found in tho
normal diet can induce microsomal enzyme activity , (3) high dietary
levels of ascorbic acid are necessary to support maximum induction, and
(4) dieldrin is an inducer of :;uch high potency that it can stimulate a
limited amount of induction in spite of ascorbic acid deficiency .

(1 32 page:; )

INTRODUCTION
Detoxication is a physiologic process of obvious survival advantage.
Although all types of cells must exercise some detoxication processes to
rid themselves of waste or harmful substances, liver cells are particularly important in detoxication of lipid-soluble toxicants.

Degradation of

this type of poison is thought to be largely accomplished by hydroxylative enzymes of the microsomal fraction.

Animals can adapt to increased

doses of toxicants of this class by the process of induction in which
there is increased synthesis and activity of these microsomal enzymes .
It is therefore important to gain an understanding of factors which can
affect induction.
Exposure to lipoidal toxicants has probably existed since animal
life first appeared on earth; however, modem man has, through his technology, increased this exposure by producing and distributing a legion of
toxicants of this type.

Examples are found in explosives, cosmetics,

drugs, perfUmes, flavorings, lubricants, and even materials used to construct and decorate toys.

Recently concern has been expre ssed by laymen

and legislators alike about contamination of our environment by on,e subset of the group, chlorinated hydrocarbon pesticides.
The role of liver microsomal enzymes in detoxication is to catalyze
reactions that produce increased polarity in the toxicant molecule.

The

result is an increased sOlubility in aqueous solutions enabling the molecule to be excreted in urine or fec es.

Ne cessity for excretion via these

routes results fran the resistance of these xenobiotic compounds to processes that normally metabolize dietary lipids to carbon dioxide and

2

water.
Induction of hepatic microsomal enzymes can be stimulated by a variety of toxicants and drugs.

Hithin the framework of physiologic controls

that govern the induction process, essential nutrients are important as a
supply of raw materials.

The relationship of inducers and nutrients in

induction can be illustrated as follows:
Substrate ( fat-soluble
toxicant

(water
Hepatic microsomal
solubility
.......h;"":ydr'-=-"o;.:.x:t'"'l""a""t""iv""e"--~J Product increased
preparatory
•••••. ~!1.~~~ ••
to excretion)
Inducer
Nutrient

In general, both inducers and nutrients can be viewed as modifiers of
enzymic detoxication.

Inducers cause production of more enzyme.

Nut-

rients are raw materials used in various ways in the enzymic reaction.

A

particular compound might under various conditions be utilized as a substrata or inducer or conceivably even as a necessary nutrient or product.
Furthermore, there are numeraus interactions between factors affecting the
detoxication process.

Research of sane of these interactions is the sub-

ject of this dissertation.
Purpose of the research reported herein was to study effects of deficiencies of various nutrients on the induction process.

The major area

of initial interest was the effect of ascorbic acid deficiency on induction .

During s creening studies in rats and guinea pigs to select organo-

chlorine pesticides which were potent inducers for further work in guinea
pigs, a number of interesting observati ons were made.

Among these were

the development of endrin tolerance in rats, some effects on induction
of varying the concentration of normal dietary constituents, and a variety of species differences.
For presentation purposes the researoh has been divided into four

3
parts:

(1) tolerance of rats to endrin as a possible consequence of in-

duction of microsomal enzymes, (2) induction resulting from feeding various organochlorine pesticides to rats and guinea pigs, (3) preliminary
studies of nutritional factors associated with induction, and (4) effect
of ascorbic acid deficiency on induction by organochlorine pesticides .

4

REVIE.W OF LITERATURE
~ Consideration~

Hepatic Nicrosomal H.ydro:xylative
Enzymes and 1.h21!: Induction

Definition of induction
Induction of hepatic microsomal

hydro~lative

enzymes is an increase

in activity of these enzymes following exposure to sublethal doses of
fat-solubl e toxicants.

Mechanism for this stimulated enzyme activity

has been theorized to result from an increase in enzyme synthesis (Conney
et aJ.,, 1960).

Microsomal enzymes, however, have never been isolated or

crystallized (Rammer and Herker, 1965; Hollunger and Niklasson, 1962)
and increased synthesis has been postulated from circumstantial evidence

(Jick and Shuster, 1966 ; Shuster and Jiclc, 1966; Rennner and Nerker, 1965).
Use of the term hydroxylative enzyme s is based on (1) the theory that
microsomal oxidations proceed by formation of a hydroxylated intermediate
(Gillette,l962 ), and (2) the products of these enzymic reactions in
most cases are bydro~l compounds.
played the similar term

HcLean and McLean (1966) have em-

hydro~lating

enzymes.

Elucidation of the inductive mechanism
Conney et al. (1956) are given credit for first explaining the basic
theory of induction of hepatic microsomal enzymes.

Richardson et al.

(1952) earlier had observed that a potent liver carcinogen, 3-metbyl-14-di.methylaminoazobenzene, did not produce hepatomas •~hen fed to rats
simultaneously with 3-methylcholanthrene.

Conney reasoned that the 3-

metbylcholanthrene had induced hepatic microsomal enzymes responsible

5
far the metabolism of anrl.noazo dyes to noncarcinogenic products.
phenomenon of induction of microsomal

enz~ne s

The

was discovered independ-

entl y by Hemmer (1959a and 1959b) in the course of investigations of drug
tolerance .

After this, a great deal of resc 1rch was done by numerous

inve::;tigator::;, princ:ipaJJ.y pharmacologi sts.

The pharmacologic aspects

of the phenomenon were stressed to the point that the enzymes have at
times been termed drug-metabolizing enzymes (Hart, 1964).
Observations on effects of the induction process were made on more
than one occasion before Conney 1 s work , but due mainly to Jack of cytologic technology, such as electron microscopy , an understanding of the
underlying mechanism was precluded.

As early as 1939 it was observed

that a large number of specific natural and synthetic coorpounds when fed
to rats, would stimulate excretion of ascorbic acid (MusuJ.in et al.,
1939; Longenecker et al., 1939 and 1940).

Since that time, increased

excretion of ascorbic acid in rats following exposure to a coorpound
has been used as evidence that the coorpound was an inducer of microsomal enzymes (Burns et al., 1963).

In 1954, Bill et al. sh01~ed that

parathion toxicity was lllUCh reduced by pretreatment with aldrin.
sequently (Nakatsugawa et al.

1

Sub-

1967), it was found that parathioo was

degraded by liver microsomal oxidative enzymes.

In addition, aldrin

was shatm by Fouts (1963) to be a microsomal enzyme inducer.

Therefore

in retrospect it sesms quite probable that induction was the protective
mechanism of aldrin pretreatment.
The term microsome . was coined by Claude (1943) to describe theorized structures isolated by differential centrifugation from cellular
homogenates .

Morphol ogic verification of those structures soon foll01-red .

Portor et al. (1945) first obse rved the lace-like network of tiny tubes

6
and cisternae in the endoplasmic region of the cytoplasm.

This network

was subsequently termed the endopla:nnic reticulum (ER) (Porter and Kallman, 1952).

Evidence that the microsomal fraction, a term preferred over

microsome, was derived from the endopla:nnic reticulum was provided by
Palade and Siekevitz (1955 and 1956).

InvOlvement of the microsomal

fraction in oxidation of xenobiotics was demonstrated by Axelrod (1954).
This was shmm in studies on the demethylation o:f sympathomimetic amines
and oxidative deamination of amphetamine to phenylacetone and rumnonia.
The process required a reduced pyridine nucleotide and o:xygen .

Atmos-

pheric oxygen was required :for two functions, :formation o:f water and
oxygenation of the substrate.

These oxygen functions caused these

mi.crosomal enzymes to be classed as mixed-function oxidases (Hason, 1957).
The oxygen was activated by electrons which were denved fram NADPH2 and
carried by an electron tro.nsport chain.
ed a flavoprotein and a cytochraue.

Components of the chain includ-

The flavoprotein, that is probably

identical with TPNH-cytochrome c reductase, was isolated frau microsomes
and characterized by 'l'lill.:i2Jns and Kamin (1962) and Phillips and Langdon
(1962).

The cytochrome was a chemical entity not previously described

when Klingenburg (1958) and Garfinckel (1958) detected its presence in
microsomal preparations .

Omura and Sato (1964) isOlated and described

this new cytochrome, and called it cytochrome P-450.
The :fOllowing scheme :for the electron transport chain was adapted

J::

frau Smuclder et al. (1967).
NADPX f l a v o
protein
NADP

flavo
protein
reduced

Fe7P

v - 450 ~
OH

Fe+++PJ\ :-450
reduced

R
H-0
·-~

7
The inclusion of the iron-protein complex, Fe++p, was based by Smuclder
et al. (1967) on the similarity of the liver system to the adrenal micronanal ncheme .

However, the presence of this material in liver microsomes

han not been ascertained, as indicated by the question mark.
Rolo of mi crosomal enzymes
The question of the identity of natural substrates of the microsomal
enzymes i;; difficult to answer.

The p ossibility that endogenous steroids

were the natural substrates has come from research showing that inducible
microsomal enzymes could affect the in vitro and in YhY,2 metabolism of
certain steroids (Kuntz.'l!all et al., 1 965 ; Conney et al., 1966; Helch et
al., 1968a and 1968b ) • Adamson (1967) felt that endogenous chemicals such
as steroids or fatty acids were the natural substrates, and foreign
lipid-soluble compounds were metabolized by these detoxicating systems
only if their structures we re sufficiently similar to the normal endogenous substrates. However, it has not thus far been shown that normal
body levels of steroids were altered by induction of hepatic microsanal
enzymes.

\·lilkinson (1968 ) recently stated his opinion that the liver

played only a minor role in the in

ill£ metabolism of steroids. He felt

that the natural substrates were foreign compoun:l.s; and that the microsomal enzyme system has evolved as a me chanism

>~hereby

living organisms

can obtain some degree of protection from the many naturally occurring
toxicants to which they are continually exposed.
Earlier, Brodie and Ha.ickel (1962 ) e xpressed the view that the microsomal system evolved with the development of terrestrial animals.

A

more efficient excretory system was needed than had been necessary for
an:i.mals living in the sea.

Data for a large number of animal species

8
were marshalled in support of this lzypothesis .

Terriere (1968) in a

more recent review of comparative aspects of detoxication by microsomal
en~es

pointed out a number of exceptions to the earlier notion that

aquatic species were inefficient in detoxication of lipid-soluble canpounds.

Williams (1967) reinforced the view that we can not presently

detect a phylogenetic pattern by pointing out that of the 17 phyla comprising the animal world , only two, chordata and arthropoda, have been
investigated for this type of detoxication .
Whatever their natural substrate s may be, it is certain that microsomal enzymes modii'y various cornpounds of exogenous and endogenous origin not readily handled by the general metabolic network (Mason et al.,
1965).

The process by which the hepatic microsomal enzyme system assists

in maintaining homeostasis is illustrated by the metabolism of hexobarbital.

Nonnal dietary lipids are cleaved and oxidized to carbon dioxide

but hexobarbital is resistant to this metabolic cleavage .

It does not

partition \lell into aqueous solution!l and thus is nat readily excreted
in urine or feces.

!1icrosomal

en~s

obarbital (Cooper and Brodie , 1955).

oxidize the compound to keto-hexThe parent compound, having an

ether/water partition coefficient of 32, was found in fat stores of the
body while the oxidized derivative with a greatly increased aqueous solubility, expressed as a partition coefficient of .5, was found as a
pharmacologically inactive substance in the urine (Bush et al., 1953).
Barbiturates and other fat- soluble toxicants induce the activity of
microsomal enzymes metabolizing hexobarbital , and as a consequence, hexobarbital is cleared fran the body at an increased rate .

Advantage has

been taken of this knowledge in the \lidely employed hexobarbital sleep
time test for induction, in Hhich the length of time during which the

9
righting reflex is lost is inversely r elated to the magnitude of induction.
The usual result o:f induction is increased resistance of an animal
to a toxicant, but the re are exceptions in whi ch the effects of i nduction
are potentiilly harmf\ll .
to even more toxic forms.

First, sane fat-soluble toxicants are activated
Schradan is activated by a microsomal N- methyl-

hydro:xylation (Davison, 19,54 ).

Parathion is activated to paraoxon by

microsomal e nzymes (O'Brien, 1959).

Carbon tetrachloride has been

thought to be activated by carbon-chlorine cleavage .

~!cLean

and McLean

(1966) have shown that depression of the microsomal enzyme system caused
decreased carbon tetrachloride toxicity and stimulation of the microsomal
system increased toxicity.

Recknagel (1967) has recently r eviewed the

mechanism of carbon tetrachloride intoxication in detail .

Induction en-

hances both activation and degradation processes and it is difficult to
predict whether an increase or decrease in toxicity will occur.

Da.hln

and Nakatsugawa (1968 ) in a r ecent review discussed a number of activat-

ion r eactions and the problem of predicting fran in vitro r eactions what
the ave rill r e sult would be .
paint.

One example >lill serve to illustrate the

Nakatsuga>Ia et a1. (1967 ) found that parathion could be degraded

to an inactive diester or activated to paraoxon by liver microsomal
enzymes.

Factors that control whether degradation or activation pre-

daninate are largely unknown.
A second potentially detrimental effect in certain cases o:f induction is the reduction of body levels of steroids .
cussed above Hith r efer ence to mammals .

This has been dis-

In birds there is a possible

relationship of impaired reproduction associated with thin egg shells
and exposure to organochlorine pesticide s (Ratcliffe , 1 967 ).

Induction

10
llUlY be tho me chanism (Peakall, 1 967).

Subtle detrimental effects on re-

production could prove to be a more serious problem with pe r sistent
pesticides than acute toxicity.
Classification of induce rs
For review purposes, compounds capable of producing induction are
grouped into synthetic and natural substances, ;lith a fUrther division
of the latter into exogenous and endogenous.

Some overlapping exists.

The number of synthetic substance s known to produce induction is
l egi on.

A number of these compounds ;1ere studied by Longenecker et al.

(1940) for their ability to stimulate increased ascorbic acid excretion
in rats, a type of observation since accepted as evidence of induction.
All the barbiturates assayed, especially phenobarbital, were very effective in stimulating ascorbic acid excretion.

Two hypnotic s , paraldehyde

and chloretone , and two antipyretics, aminopyrine and antipyrine, also
were quite active .

Phenols, salicylates , sulfanilamide, and sulfapyrid-

ine were only slightly active.

Alkaloids tested were inactive.

Conney

et al. (1956 ) employed poly cyclic hydrocarbons as inducers in the research from which the induction process ;1as postulated.

These poly-

cyclic compounds are difficult to classify as to their natural or synthetic origin, but it is certain that man 1 s a ctivities have vastly increased
the exposure .

Shortly afte rt>ards, phenobarbital and other barbiturates,

were studied extensively to determine their inductive propertie s (Conney
and Burns,l959 ; Remmer ,l959aandl959b) .

From a pharmacologic

vie;~point,

inductive capaci ty has been found in c omp ounds of at least fifteen different classes :

hypnotics and sedati ves , anestheti c gase s, c entral ner-

vous system stimulators, anticonvulsants, tranquilizers, antipsychotics,
hypoglycemic agents and related sulfonamide s, anti-inflammatory agents,

ll
muscle relaxants, analgesics, alkaloids, insecticides , steroids

and

related substances, and carcinogenic polycyclic aranatic hydrocarbons
(Conney, 1967).

Street (1968 a) has since reviewed the chlorinated

hydrocarbon pesticides known to possess inductive properties.
Natural exogenous compound s to which an o.nirnal may be exposed are
nonmanmade compounds originating outside the body of the host.

Endo-

genous substances on the other hand are fonned within the body.

Both

plant and animal products are sources of these ·compounds.
Experimentally, observations of induction by natural exogenous canpounds were made by l1usulin et al. (1939) who found that the vacu1.1I11distillable fractions from the unsaponifiable matter of halibut liver
oil, oat oil, grass leaf oil, and alfalfa leaf oil increased urinary excretion of ascorbic acid in rats.

Longenecker et al. (1939) fed spec-

ific plant-derived compounds to rats and found that a number of terpene
and terpene-like compounds stimulated increased ascorbic acid excretion.
Sane of the most active compounds were alpha and beta ionone, d and 1
carvone, isophorone, dl-pipertone, thujone, pulegone, camphor, menthol,
and cineole.

An additional compound, phytol, was found to have only

marginal activity but it is important because of its almost universal
occurrence in plants; it is derived from chlorophyll.

Stree t (1969) fed

rats a mixture of camphor, alpha pinene, and cineole similar to proportions in black sage leaves.

He found that this mixture was effective in

antag onizing dieldrin storage , a r e sponse that correlates quite well
with other tests of induction.

Non identified but presumably natural

exogenous canponents of a comme rcially available dog food were found by
Longenecker e t al. (1939 ) to support higher levels of ascorbic acid
excretion in rats than a diet of evaporated milk .

Similar evidence was
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later reported by Brown et al. (1954) who found higher enzyme level::; in
a.nil!lals fed various commercial diets than those fed a semipurified diet.
They were studying the N-demethylation of 3-methyl- monornethyl-aminoazobenzene by rat liver homogenates.

Peroxidized sterols were found by them

to stimulate activity of this enzyme system; they concluded that aging of
a.nil!la1 products in the diet caused the peroxidation.

Sperling and

Ewinike (1969) found that turpentine, through either oral or inhalation
produced induction of liver microsomal enzymes.

administ~ation,

fish oil in the diet

~las

Menhaden

found by Century and Horwitt (1968 ) to enhance

the phenobarbital stimulation of hexobarbital and aminopyrine metabolism
more than similar dietary levels of vegetable oil or beef fat.
has been found (Remmer, 1962 ) to be a weak inducer.

Ethanol

Caffeine as well as

coffee and tea have been observed by Mitoma et al. (1968 ) to produce induction in rats.

From their research, they postulated that consumption

of eight cups of coffee per day by a man could cause demonstrable induction of microsomal enzymes.

Nicotine also was reported to induce liver

microsomal enzymes (Wenzel and Broadie, 1966).

The distribution of ex-

ogenous microsomal enzyme inducers can truly be said to be ubiquitous.
Endogenous canpounds acting as inducers have been litUe studied and
then usually td.th synthetic compounds identical with or in some cases
similar to those fonned in the body.

Cholestenone was found by Longe-

necker et al. (1939) to be an inducer, as judged by increased ascorbic
acid excretion in rats.

They also found similar activity in a number of

terpanes which are structurally similar to some involved in cholesterol
biosynthesis.
and nerolidol.

Among those compounds studied wer e geraniol, farnesol,
Steroidal hormones and related substances known to have

inductive properties include testosterone that was studied by Murphy and
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DuBois (1958) and Quinn et al. (1958) and cortisone and prednisolone
which were studied by Rammer (1958).

Marshall and McLean (1969 ) have

recently discussed some potential functions of endogenous inducers.

They

referred specifically to steroids and substances derived fran the gut.
Clinical a 2plication
Clinical applications of the principle of induction are not widely
appreciated and utilized, but are none the less extant.
of tolerMce often involves induction.

The phenanenon

It is well knmm that individuals

who habituaD.y use tobacco, alcohol, or barbiturates are capabl e of taking greater doses Hithout serious conaequences than are nonusers.

The

gray syndrOI'Ie in h}lllla11 infants resulting fran exposure to chlormycetin
is probably due largely to the poor development of the microsOmal system
at that age (Weiss et al., 1960).

Dicoumarol therapy in humans has been

observed to be greatly altered by concurrent phenobarbital treatment
(Burns and Canney, 1965).

In veterinary medicine, an experimental clinical application existed
before genesis of the induction theory.

Chrintian et al. (1951 ) employ-

ed chlorobutanol to increase ascorbic acid concentration in dairy cattle .
Ascorbic acid had been thought to have therapeutic value in bovine infertility but these workers showed it to be of no efficacy, and the procedure has had no wide application.

An additional and potentially more

sucessf'ul veterinary application has been the experimental treatment of
dairy cattle with phenobarbital to reduce the storage of dieldrin (Reeder,
1968).
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Induction of Hepatic Microsomal HydroXYlative
Enzymes £l Organochlorine Pesticides
Induction by organochlorine pesticides was first observed accidentally (Hart, 1964).

Activity of liver microsomal enzymes <las elevated in

rats kept in a roO!Il sprayed with chlordane for bed bugs.

After the true

cause of this stimulation was discovered to be chlordane, the mechanism
involved was reasoned to be induction of hepatic microsomal enzymes .

Re-

search on chlordane and various other chlorinated hydrocarbon pesticides
was undertaken 1-1hich provided evidence that enzyme induction was in fact
the mecha.niSill and that numerous compounds of the organochlorine pesticide
class had this capacity .

However, as Hart himself pointed out. , organo-

chlorine pesticides induce quite slowly as canpared to such compounds
as 3 ,4 benzpyrene or even phenobarbital.

The short term expoaures Hart

usually employed produced results indicating rather low potency or no activit y at all for some compounds 1-1hich have since been found to be very
potent inducers.
Chlordane
In the initial controlled studies of the inductive properties of
chlordane, Hart (1964) observed that single injected doses of 10, 25, or

100 mg per kg crf body weight in rats stimulated the in vitro metabolism
of hexobarbital, aminopyrine, and chloropromazine.

.!!!.

In mice he acquired

vivo evidence of induction, reduction of hexobarbital sleep time.

In-

duction was also observed by Hart in rabbits injected with chlordane.
Burns et al. (1965 ) reported that technical chlordane stimulated phenylbutazone metabolism in dogs.

The \lide species spectrum of chlordane is

further illustrated by a report of induction in a primate species , the
squirrel monkey.

Cram et al. (1965 ) observed that technical chlordane
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stimulated metabolism of zoxazolamine and digitoxin in these monkeys.

DDT Has also shown to be an inducer by Hart (1964) who obse rved en-

hanced

ill ~

metabolism of hexobarbital, aminopyrine, aniline, and

p-nitrobenzoic acid, as well as decreased hexobarbital sleep time following three daily injections each of 25 , 50, or 100 mg of DDT per kg of
body weight in rats.

These dosages were probably above that needed for

maximal response as judged by the fact that there was no consistent increase in activity from the low to high doses.

Hart also fed 500 ppm

of DDT to rats for periods up to five months and found essentially the
same response as after injected doses.

These injected and oral doses were

massive compared to those encountered in environmental contamination.
However, Hart failed to produce any reduction of hexobarbital sleep
time in mice injected once ~1i th 25, 50 , or 100 mg of DDT per kg body
weight .

Cram and Fouts (1.967) verified that DDT pretreatment did not

affect hexobarbital sleep time in mice and further found that

ill~

metabOlism of the barbiturate was also unaffected in this species .
the other hand, they noted that both in :ti.k.£ and

in~

zoxazOlamine was accelerated by DDT pretreatment of mice .

On

metabOlism of
Another diff-

erence in the inductive characteristics of DDT and chlordane was reported
by Street (1967

b).

In studies of dieldrin interactions he found that

feeding DDT or chlordane resulted in different dieldrin metabolite patterns.
The metabOlism of various drugs has been stimulated by DDT in the rat;
among them were warfarin (Ikeda et al . , 1966 ), phenacetin, nikethamide,
scilliroside, pentylenetetrazOl (Ghazal et al., 1965) , and pentobarbital
( Gerboth and Schwabe , 1964) .

DDT ;1as even able to stimulate its own
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micro:;omal metabolism in rats (Morello, 1965).

These findings take on

added significance with the i'inding that DDT was ef fective in stimulating
drug metabolism in prilnate:; ( Juchau et al . , 1966) .
Dieldrin
Dieldrin was reported by Hart (1964) t o decrease hexobarbital sleep
time in mice foll01-ling a single injection.

Ghazal et al . (1965) rein-

forced this with the observations that dieldrin treatment increased the
rate of metabali sm of hexobarbital , phenacetin, nikethamide , scilliroside ,

and pentylenetetrazOl in rats.

Aldrin epoxidation in microsomal prepar-

ations was induced by dietary dieldrin in studies by Gillett and Chan
(1968).

Street et al. (1968) reported decreased hexobarbital sleep time

and stimulated in

~

EPN detoxication and 0-demethylation of p-nitro-

ani:;ale in rats fed dieldrin.
~
Endrin was ob:;erved by Hart (1964) to be an inducer in mice as

judged by reduction of hexobarbital !lleep time. Hoo>ever, at 15 and 22
days follmdng a single injection there were significant increases in
sleep time.

In rats Hart found a small amount of induction of

1!1 .Y.ll!:2

metabolism of hexobarbital, aminopyrine, aniline , and p- nitrobenzoic
acid after injection of 6 . 25 or 12.5 mg of endrin per kg of body weight .
Schwabe and Handling (1967) reported that hexob arbital metabolism in rats
was stimulated by an oral dose of 10 mg of endrin per kg of body weight •

.2!d:!!l1:_..9 ganochlorine pesticides
Hart (1964) also researched the inductive capacity of some of the
other cyclodienes , heptachlor, heptachlor epoxide , aldrin , and toxaphene ,
and some DDT analogs, DDD , DDE, perthane, kelthane , and metho:xychlor .

17
The measure of induction was hexobarbital sleep time in mice.

The cyclo-

dienes were all active as inducers while the DDT analogs were inactive.
other investigators have reported on inductive properties of various
Kinoshita et al. (1966) observed the inductive

organ ochlorine pesticides.
effect of toxaphene in rats.

Street (1967 a) and Street et al. (1968 )

reported on the inductive properties of a large number of DDT analogs.
Grady et al. (1966) reported on p,p'-DDD; Fouts (1963 ) reported on aldrin,
heptachl9r, and heptachlor epoxide; and Koransky et al. (1964) and Ghazal
et al. (1965) reported on hexachlorocyclohexane isomers.

According to

Schwabe and Wendling (1967 ), DDT and lindane were the most potent campounds, followed by DDE, DDD, and endrin; chlordane was moderately active · ~le toxaphene and heptachlor were quite weak.

Hart (1964), Street

(1967 band 1968 b), and others would classify them quite differently.
Thus it would seem that presently a comprehensive statement of relative
potencies would be inadv1sable.

Doubtless such factors as dose, length

of exposure, route of administration and time lapse between exposure and
determination of enzyme activity could account for some of the differ- _
ences in rankings .
Combination~

of organochlorine

ne~ticides

Up to this point in this review, it has been tacitly assumed that an
organism encounters but one pesticide at a time.
unrealistic view of the present environment.

This of course is an

Because it is likely that

all of the organochlorine pesticides are inducers, it would be well to

consider the results of exposures to combinations of these compounds.
One pesticide can have an inductive effect on the metabolism of another
pesticide or even itself.

Street (1964) has shown in rats that DDT an-

tagonized the storage of concurrently-fed dieldrin.

Street and Blau
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(1966) postulated that the mechanism was probably induction of dieldrinmetabolizing hepatic micrGsomal enzymes.

DDT treatment of rats was later

found by Street and Chadwick (1967) to greatly increase the fecal and
urinary excretion of polar metabolites of dieldrin.

It was later report-

ed (Street, 1967 b) that DDT also affected the tissue storage of aldrin,
endrin, gamma-chlordane, and heptachlor.

In addition, Chadwick (1967)

observed that lindane metabolism was altered by DDT treatment and Morello
(1965) found that metabolism of DDT itself was altered by DDT treatment.
Another effect of combinations of these substances is an additivity
of inductive effects of two or more pesticides.

Street et al. (1968)

reported that the inductive effects of diets containing 5 ppm each of
DDT, Ovex, and heptachlor epoxide were additive.

They further speculated

that additivity of subthreshold doses may occur, resulting in significant
effects from doses which singly would produce no overt response.

Their

report also mentioned a third complication of respon se to pesticide combinations, an apparent competitive inhibition of substrate metabolism
by detoxifYing enzymes as seen in concurrent treatment with heptachlor

epoxide and dieldrin.

Gillett and Chan (1968) reported a similar inhib-

ition with heptachlor epoxide and aldrin.

The potential practical signi-

ficance of some of these interactions is illustrated in the report of
Peakall (1967) that DDT and dieldrin were additive at low doses in inducing testosterone metabolism in pigeon liver.
Dietary

~

Associated with Induction

Food contains nutrients required in maintaining normal and induced
enzyme activity.

In addition, various substances found in food act them-

selves as inducers.

These latter compounds have been discussed under the
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heading of natural endogenous inducers.
General dietary factors
Starvation has various effects on normal and induced microsomal enzyme activity.

Starvation for 36 hours was found by Dixon et al. (1960)

to reduce both in vitro and in vivo activity of microsomal enzymes.

The

reactions studied were side chain oxidation of hexobarbital, N-dealkylation of pyramidon, hydroxylation of acetanilide, and oxidation of the
sulfur in chloropromazine.

However, Kato and Gillette (1965) reported

that activities of some microsomal enzymes were enhanced by starvation.
Normally microsomes from male rats metabolize three times more aminopyrine and hexobarbital than those from females, while no sex difference
exists for aniline.

Starvation of male rats decreased activity of the

sex-dependent enzymes but enhanced activity of aniline hydroxylation.
In contrast, starvation of female rats increased activity of all three
enzymes.

~

In a later report, Kato (1967) verified the increase in micro-

somal degradation of aminopyrine, hexobarbital, and aniline after 72
hours starvation and found that refeeding caused a drastic reduction in
activity.

On the other hand Hospador (1967) observed a decreased metab-

olism of hexobarbital in starved male rats.

He found that this depress-

ion of normal activity accentuated the magnitude of induction and many
foreign compounds, not ordinarily considered to be inducers, produced
induction under these circumstances.

Degkwitz et al. (1968), in studies

using starved guinea pigs, found decreased activity of coumarin hydroxylation and NADPH oxidation but increased activity of glucose-6-phosphatase and procaine esterase.
On the more practical side, Fitzhugh and Nelson (1947) increased

DDT toxicity for rats by starvation.

Dale et al. (1962) noted that

I

20
starved rats which had previously been f ed

200 ppm DDT mobilized the

pesticide from storage in adipose tissue rapidly enough

to produce in-

toxication.
Changes in basal diet were reported by Musulin et al. (1939) to
change the rate of urinary excretion of ascorbic acid, which has since
been used as a measure of microsomal activity.

Rats given a basal diet

of evaporated milk had markedly lower levels of excretion than animals
fed Purina Dog Chow or Sherman 's guinea pig ration (Sherman et al., 1922 ).
The importance of these findings was enhanced by the report of Br01-m et
al . (1954) that hepatic detoxifying enzyme activity was reduced by f eeding a semipurified diet to rats.

~
Protein-free diets have been found to adversely affect microsomal
enzyme activity and to increase toxicity of pesticides and other toxicants.

Decreased microsomal

hydr o~lating

activity in animals fed pro-

tein-free diets has been studied by Conney and Burns (1962 ), and Ernster
and Orrenius (1965).

McLean and McLean (1966) found that the lowered en-

zyme activity obtained by protein depletion could be restored by treatment with DDT or phenobarbital.

They later (}!cLean and HcLean , 1967)

used combinations of protein depletion and DDT treatments to gain evidence that carbon tetrachloride was a ctivated to the true toxic substance
by microsomal enzymes and that these same enzymes detoxified anatoxin.

Marshall and McLean (1969) found that cytochrome P-450 levels in microsomal preparations from protein-depleted rats were drastically reduced.
Toxicity of various pesticides is increased for animals fed diets
low in protein.

This effect has been observed for DDT by Sauberlich and

Baumann (1947 ) , and Boyd and DeCastro (1968 ); for lindane by Boyd and
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Chen (1968) ; for dieldrin by Lee et al. (1964); and :for carbaryl by Boyd
and Boulanger (1968) .
Vitamin A
Vitamin A deficiency has also caused impaired microsomal enzyme
function.

Nixon (1965) uGed pair feeding in rats to demonstrate impair-

ment of microsomal codeine demethylation due to vitamin A deficiency.
Johnson and Yonemoto (1966) showed that codeine induction of codeine
demethylation was completely prevented by vitamin A deficiency.

It was

further reported (Yonemoto and Johnson, 1967) that when deficient rats
were treated with retinol there was a return to normal enzyme levels in
two days .
Vitamin E
Liver preparations from tocopherol--deficient animals were shown by
Caputto at al . (1958) to form less ascorbic acid than controls .

Sub-

sequently, a reduction in the activity o:f gulonolactone oxidaGe, the
microsomal enzyme responsible for ascorbic acid synthesis, was demonstrated by Carpenter et al . (1959) in vitamin Eoodeficient rats .

Codeine de-

methylase activity also decreased in tocopherol--deficient animals but
could be restored by tocopherol treatment 24 hours before determination
of enzyme activity (Carpenter , 1966).

This restoration o:f activity was

blocked by administration o:f actinomycin D, an antagonist of protein
synthesis.

In marked contrast to deficiencies of sane of the other

nutrients, vitamin E deficiency in animals was reported by Carpenter (1968)
to enhance the induction of microsomal enzymes .

Unfortunately only an

abstract is available for these data; an adequate appraisal is, therefore,
difficult.

zz
Thiamine
Thiamine

deficien~

in rats impaired induction of ascorbic aoid ex-

cretion by chloretone (Roy et al., 1946).

Si.m:i.la.rly, rats fed a thia-

mine-deficient diet for four to six weeks by Chatterjee and Kar (1960 )
had

60%

tone.

impairment in the ~thesi s of ascorbic acid from glucuronolac-

Refeeding for one week prior to kill restored the loss.

Accord-

ing to work done by Tinsley (1968) , dieldrin effe cts on rats were gr eater when the diet was deficient in thiamine .

Because there is evidence

that dieldrin degradation is related to microsomal activity it can be
argued from Tinsley 's work that thiamine is involved in microsomal
r eactions.
Riboflavin
Riboflavin deficiency, unassociated with inanition, caused marked
impairment of microsomal enzyme indu ction ( Roy et al., 1946).
the vitamin restored activity.
judged by ascorbic acid

Refeeding

Also, normal microsomal activity, as

~thesis

in rats, was decreased qy a dietary

deficiency of riboflavin (Ekm.1n and Strombeck, l949) .

Chatterjee and

Kar (1960) saw an 8 0-9C>,t impairment of in !ii!:g ascorbic acid synthesis
in microsomal fractions derived fram riboflavin-deficient rats.

Studies

done by Shargel and Mazel (1968) indicated that normal and phenobarbitalinduced aminopyrine demethylase activity was unaffected by riboflavi n
deficiency but that a CO insensitive , 3-methylcholanthrene -inducible
azoreductase was quite sensitive to the deficiency .

Further knowledge

of the mechaniS!II of riboflavin in oxidative p rocesses may come fran
studies employing the model system devised by Vorhaben and Steele (1967).

2)

other B vi t.vnins
Deficiencies of folic acid, pyridoxine and pantothenic acid in rats
were seen by Chatterjee and Kar (1960) to produce 70-9af, impairment of
in vitro

~thesis

of ascorbic acid.

Bi otin deficiency produced by the

feeding of raw egg whites was associated with both in vivo and i n

~

reductions of ascorbic acid synthesis (Dakshinamurti and }tistry, 1962).
Possible Role of Ascorbic

~

in Detoxication

Ascorbic acid has long been assumed to be involved in detoxication.
Resistance to bacterial intoxication is reduced in ascorbic acid deficiency as indicated below.

Epidemiologic and clinical observations have

been made on the effects of ascorbic acid deficiency in intoxications by
industrial and therapeutic compounds .

Some types of heavy metal intox-

ications have been treated with ascorbic acid.

Experimental observations

have been made on the effects of ascorbic acid in detoxication reactions
mediated by a variety of enzyme types .
Bacterial intoxication
Immunity to many types of infections is by a mechanism of detoxifying
bacterial toxins.
toxin.

Ascorbic acid may play a role in production of anti-

Diphtheria is an example.

King and Menten (1935) placed guinea

pigs on three dietary levels of ascorbic acid and noted that exposure
to diphtheria toxin produced the greatest mortality in the group on the
lowest dietary level of the vitamin.

The evidence was much strengthened

by the report of Long (1950) that guinea pigs fed a diet

1~~

in ascorbic

acid for 80 days had only one-thirtieth the serum diphtheria antitoxin
levels of normal animals.

More recently Berzin (1955) has shown a more

practical application, when scorbutic guinea pigs were exposed to
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Corynebacterium diphtheriae they all died and even 25% of latently scorbutic animals so exposed also died.
Theraoeutic use of ascorbic acid
in ooisonings
Ascorbic acid has been employed prophylactically and therapeutically
for intoxications of various types .

Toxic reactions from the therapeutic

use of arsenicals have been treated with ascorbic acid (Karcilyi, 1938:
Friend and Ivy, 1948; HcChesney et al., 1944).

Mechanism of the protec-

tive action was postulated by McChesney (1945) to be an oxidation which
occurred in the blood stream rather than in the tissues.
Protection qy ascorbic acid against strychnine convulsions in rats
was suggested by work of Frommel et al. (1945) and investigated further
by Dey (1967 ).

If

this could be confirmed in dogs, veterinary medicine

would have an effective treatment for one of the most commonly encountered intoxications.
Nitrate or nitrite intoxications have been treated with ascorbic acid
(Radeleff, 1964).

Recently Kociba and Sleight (1969) presented experi-

mental evidence to support this type of therapy.

Ascorbic acid-deficient

guinea pigs injected with NaN<>.:! had higher methemoglobin levels and mortality than contrOls.

Methylene blue pretreatment provided some protec-

ti on for the deficient animals, indicating the possibility that the mechanism of ascorbic acid might involve a redox reaction.
Metal poisonings have been treated with ascorbic acid including
acute mercuric chloride poisoning (Evans, 1940), lead (Holmes et al , ,
1939), and vanadium (Mitchell and Floyd, 1954).

In addition, two recent

reports (Pirozzi et al., 1968; Samitz et al., 1968) have dealt with the
therapeutic use of ascorbic acid in chromium intoxication.

Reduction of
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the chrcrniwn was the postulated mechanism.
Industrial chemicals
Exposure to certain industrial chemicals has been followed by depression of body levels of ascorbic acid.

But, opinions are divided on

whether intoxication by these chemicals occurs more readily in the deficient state.

Heyer (1937) reported that benzene intoxication in man

resulted in reduced urinary output of ascorbic acid.

.J ml benzene per

Administration of

day to guinea pigs by Poumeau-Delille (1941) was :fol-

lowed by decreased adrenal content of ascorbic acid.

Forssman and Frykholm

(1947) studied industrial workers with chronic benzene exposure in comparison to workers not exposed and concluded that benzene exposure was
definitely related to an increased demand :for ascorbic acid.

This was

con:firmed by Gontzea and Dumitrache (1965) but they added the comment
that frank benzene intoxication among exposed workers did not follow low
intake of the vitamin.

con:fidence in the e:f:ficacy of ascorbic acid treatment of benzene poisoning (Browiling, 1965; Lurie, 1965).

In opposition to this Shils and

GOldwater (1949) said they felt there was no convincing evidence to link
ascorbic acid deficiency and benzene poisoning in man.
The mechanism by

~Jhich

ascorbic acid could aid in detoxication of

benzene is possibly an effect on ring hydroxylation by liver microsomal
enzymes .

In support of this, Li and Freeman (1945) :found that protein

depletion of rats increased benzene toxicity.

But, Cornish and Ryan

(1965) were unable to alter benzene toxicity in rats by SKF 525-A treatment .

(

A number of industrial hygienists have expressed

Hydroxylation sbould have been inhibited by this treatment .

Abramova and Gadaskina (1966) have even suggested that benzene toxicity
could be reduced by inhibiting its oxidation .

Obviously, additional

!
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research is needed to elucidate the role of ascorbic acid in benzene detorlcation.
Exposure to other compounds has been associated with depression of
body levels of ascorbic acid .

Among those reported are phenol (Elfimova

and Puskina , 1966) and naphthalene (Van Heyningen and Pirie, 1967)•
Franmel et al. (1945, 1946 a-d) and Frommel and Loufti (1946), in a series
of studies utilizing guinea pigs, found that exposure to mercury salts,
phosphorus, barium chloride, bismuth, arsenic salts, and gold salts
resulted in depressed liver levels of ascorbic acid.
Enzymic detoxication
Ascorbic acid in some poisonings may participate in nonenzymic
reactions, such as redox, but of more importance is the association of
ascorbic acid and enzymic detorlcation.

The vitamin may play a role in

at least three general classes of enzymes ; (1) nonoxidative enzym es,
(2) adrenal mixed-function oxidases , and (3) liver microsomal mixed-function oxidases .
Ascorbic acid deficiency hocs been associated with decreased activity
of a number of nonoxidative enzymes.

Decreases in liver levels of cathep-

sin, esterase, acid phosphatase, alkaline phosphatase, and amylase in

scorbutic guinea pigs were reported by Scoz et al. (1937).

Herschberg et

al. (191j.lj.) concluded that ascorbic acid was necessary for the function
of acetylcholine.

This conclusion was based on (1) increased sensitivity

of tissue from scorbutic guinea pigs to acetylcholine , (2) increased
resistance of frog muscle to acetylcholine under influence of ascorbic
acid, and (3) increased cholinesterase levels in guinea pigs in summer
and decreased in the
(1953)

~•inter.

In a cytochemical study, Verne et al.

confirmed earlier findings of decreased tissue esterase assoc-

27
iated with ascorbic acid deficiency.
The mechanism of ascorbic acid involvement in an oxidative enzymic
reaction is best understood for the adrenal medullar mixed-function oxidase, dopamine-beta- hydroxylase.

Levin et al. (1960) showed that

ascorbic acid was stoichiometrically consumed as the subatrate waG
hydroxylated .

This area of r esearch ha:; been

Friedman (1965) and Kaufman (1966) .

revie~Jed

by Kaufman and

The reaction is:

dopamine + ascorbic acid + ox;ygen

L-norepinephrine +

dehydroascorbic acid + HzO
The enzyme mediating the reaction contains copper which was thought to
alternate between two oxidation states.

However problems have been en-

countered in proving that ascorbic acid was the in vivo cofactor.
Ascorbic acid involvement in activity of liver microsomal enzymes
can be implied in retrospect from some drug metabOlism studies antedating knat~ledge of microsomal function.

Richards et al . (1941 ) ob-

served enhanced effects of barbiturates in ascorbic acid-deficient
animals.

DeBoer and DeBoer (1949) confirmed these results using pento-

barbital hypnosis in guinea pigs fed a scorbutigenic diet.

Evidence of

a more direct nature is presented in the results and di:;cussion section.

I
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MATERIALS AND METHOOO

Experimental

~

Rats
Rats used were albino f'emales weighing 100 to 150 grams, purchAsed
f'rcm the Holtzman Company of' Hadison , Wisconsin.
arately and given f'eed and water ,rui

~·

was determined during the experiments .
animals were ldlled
damp paper

tat~el,

~1ith

ether .

They were caged sep-

Hexobarbital sleep time

At the end of' the experiments

The liver was excised, blotted on a

weighed, a portion homogenized, and the balance f'rozen

in a dry ice chest.

Fat samples were taken f'rom the retroperitoneal

regions adjacent to the uterus and kidney .

Feed consumption and body

weight gains ware determined as of'ten as goals of' the particular experiment demanded and reported as grams of' f'eed consumed or body weight
gain per 100 grams of' starting body weight.

Guinea nigs
Guinea pigs used were male, except f'or one experiment in which both
male and f'emale were used.

They were either the albino Hartley strain

or multicolored mongrels and <leighed 200 to )00 grams.

Hartley strain

was purchased f'rcm either Camm Research Institute, Inc ., Hayne , New
Jersey, or Hazelton Research Animals, Inc ., Burtonsville, Haryland .

The

mongrels were purchased f'rom Draper Small Animal Fann, Draper, Utah.
They were individually houned in metal cagen

~lith

wire floors.

An orien-

tation period of' two or three dayn was required bef'ore the animals learned to walk on the wire without f'alling through or becoming entrapped.
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Feed and water were provided -'!£!.libitum; hm<ever, no greens were supplied.
Diets were instead fortified with 2000 ppm ascorbic acid which was mixed
into the diet as a

pa~<der.

Canned tomato juice was not satisfactory be-

cause many of the animals refused to drink it.

The feed level of ascor-

bic acid was of course varied in the experiments to conform to the designs.

Zoxazolamine paralysis time Has determined in one experiment.

The killing and sampling procedures were similar to those employed with
the rats except in two aspects.

Peritoneal fat was taken from regions

adjacent to the testes and the gall bladder was drained prior to weighing the liver.

Feed and body weights were determined as for the rats.

Rat diets
The holding diet for rats

~1as

Purina Laboratory ChO'.,, either ground

or cubed.

Basal diets used in experiments were of various types.

Laboratory

Cha~<

Ground

was initially the basal diet but could not be used in

experiments involving a nutrient deficiency and its use was discontinued altogether during the course of research after its stimulatory effect
on microsanal enzyme activity was observed.

Basal diets used after that

time were semipurified and were prepared by one of bzo methods.

First,

a diet deficient in vitamins A and E was prepared by Nutritional Biochemicals Corporation according to the method of Draper et al. (1964) and
had the follmd.ng composition:

corn oil (tocopherol stripped)

10.0%,

glucose 65 . J4, , salt mixture number 4164 4.0-p , vitamin free casein 20.0;\\,
and vitamin diet fortification mixture (free of vitamins A and E) 0.5;6,
and choline chloride

0.1;t .

In experiments where nutritional deficiencies

~1ere not involved, this diet was fortified with • 688 ppm crystalline

)0

vitamin A acetate as a source of vitamin A and 100 ppm ilL-alpha-tocopherol as a source of vitamin E.

Second , a vitamin A test diet USP was

prepared by Nutritional Biochemicals Corporation of the canposition:
U,S ,p, salt mixture (number 2) 4.(Y,6, dried yeast (vitamin D) 8 . (Y,6 , starch

65 . Q%, vegetable oil 5.Q%, vitamin te st casein 18.Q%, and Viosterol 0.5
g per 100 pounds of diet.

When vitamin A deficiency was not desired,

. 688 ppm crystalline vitamin A acetate was added to this diet as a source
of vitamin A.

No differences were noted in response of microsomal enzym-

es of rats fed either of the deficient diets when fortified as above.
Therefore in the text both of these fortified

diets are referred to as

semipurified.
Guinea pig diets
HOlding diets for guinea pigs were usually pellet ed Purina Guinea
Pig Chow or a ground rabbit ration to which 2000 ppm ascorbic acid was
added.

However, when ascorbic acid deficiency was a factor in exper-

iments planned for the animals, neither of these diets was as satisfactory as one in which ascorbic acid-deficient diet was fortified with

2000 ppm ascorbic acid.
Basal diets used in experiments were of three types.

In experiments

not invOlving a nutritional variable, either the chow or fortified rabbit pellots were used.

Hhen aocorbic acid deficiency l·1as studied, the

baoal diet was an ascorbic acid-deficient diet purchased from Nutritional Biochemicals Corporation of the composition:

oats

4o.CJ%,

wheat bran

15. 0% , alfalfa l eaf 8.0~ , whole milk 20 . ~ , casein purified 10.0~ , corn
oil

s.Q%.

sodium chloride (reagent ) 0.5%. calcium carbonate 1. 0% . and

magnesiUIIl sulfate 0.5%.
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Diet preparation
Pesticides were dissolved in petroleum ether before adding to the
diet and tho solvent was allowed to evaporate during hand stirring .

Mix-

ing was completed in a mechanical mixer at low speed for a minimum of
10 minutes.

Vitamin A was added in a similar manner except that diethyl

ether was used as the solvent.

All crystalline or powdered feed add-

itives were added to quantities of the basal diet not exceeding two
kg and mixed as above .
Beagents and Feed Additives
Pesticides
DDT, (1,1-Bis-(p-chlorophenyl) - 2 ,2,2- Trichlor oethane) was purchased
from Aldrich Chemical Company, Inc., Milwaukee , Wisconsin .
Dieldrin (1, 2 ,J ,4 ,10 ,10-hexachloro-6 , ?-epoxy-1, 4 ,4a,5,8 ,8a-hexahydra1,4-~,

.!!2SQ- 5 ,8-di.methanonaphthalene) recrystallized four times before

use, and Endrin (1,2 , J,4 ,10,10-hexachloro-6,7-epoxy-1 ,4,4a ,5,8,8a-hexahydra-1 , 4-~,

endo-5 ,8-dimethanonaphthalene) wer;- donated by Shell

Chemical Company , New York City, New York.
Lindane (gamma isomer of 1,2,),4 ,5,6-hexachlorocyclohexane) as an
E.S .A. insecticide reference standard, and Ovex (p- chlorophenyl p-chlorobenzone sulfonate) r ecrystallized four times , were purchased from Nutritional Biochemicals Corporation.
Heptachlor epoxide (1,4,5, 6 , ? ,8 ,8- heptachloro-2, J-epoxy- Ja,4,7,7atetrahydro-4,7-methanoindane ) analytical reference grade , and Chlordane
(1 ,2,4 , 5 , 6, ? ,8,8-octachloro- Ja ,4,?,7a- tetrahydro-4,?-methanoindane ) were
donated by Velsicol Chemical Corporation , Chicago , Illinois .

)2

Nutrient fe ed

additi~e~

DL-alpha-tocopherol, pm1der, 250 IU vitamin E/gram.; vitamin A acetate, crystalline, .)44 microgram.s per U. S . P . unit; Henadione (vitamin
K ) (2 methyl-Naptho quinone), assay 99

3

+%: and Calciferol (crystalline

vitamin 1J.1) , 4o units vitamin D per microgram. , 1-1ere purchased fran
Nutritional Biochemicals Corporation.
Ascorbic acid, L (+), was purchased from Matheson, Coleman, and
Bell , East Rutherford,

Ne~1

Jersey.

Reagents
Glucose-6-phosphate, dipotassium trihydrate, assay 90 ±

2%:

and

triphosphopyridine nucleotide ( NADP) sodium dihydrate, were purchased
from Nutriti onal Biochemicals Corporation.
EPN, recrystallized, was donated by E. DuPont de Nemours and Co.,
\-/ilmington , Dela,lare .
Zoxazolamine (2-amino-5-chlorobenzoxazole)

1-~as

furnished gratus by

HcNeil Laboratories, Inc., Ft. Washington, Pa.
All othe r chemicals

1-~ere

of r eagent grade or better and used as re-

ceived from the supplier mth the exception of diethyl ether which was
distilled before use.
Chemical Assays
Determinations of enzyme
activity
In vivo activity of microsomal enzymes in rats
injecting intraperitoneally 100
body

~Ieight

~~

1-~as

determined by

hexobarbital sodium per kilogram of

and measuring the time period in minutes during }lhich there

was loss of tho righting reflex.

Zoxazolamine paralysis times in min-
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ut e s we re determined for guinea pigs using the method of Conney e t al.
(1960).

Jn

~

p rocedure s.

activity of microsomal enzymes was determined by three
Oxidative EPN detoxication was assayed using the method of

Neal and DuBois (1965) as modified by Kinoshita et al. (1966 ) except that
the whole liver homogenates were centrifuged at lO,OOOx g for 10 minutes
and 0. 2 ml of the supernatant fluid was used.

0-demethylase activity

using paranitroanisOle as substrate was determined by the method of
Nette r and Seidel (1964) as modified by Kinoshita et al. (1966) with
the further modifications as in the EPN de toxication method.

Activity

of both EPN detoxication enzyme and 0-demethylase were expressed
p-nitrophenol (PNP) per

50

Aniline oxida5e activity

mg of liver after 60 minutes of incubation.

~1as

measured similar to a method of Kato and

GiJ.J.ette (1965) and ~las as fOllows:

one ml of the same supernatant

fluid used in EPN detoxication was combined with
containing 20.4 mg nicotinamide per ml,
4.08 mg NADP per ml,

as~

0.5

0.5 ml of a sOlution

ml of a sOlution containing

0.5 ml of a soluti on containing 6 mg HgS04 per ml,

0.5 ml of a sOlution containing 10. 6 mg glucose-6-phosphate dipotassium
per ml, and 1.5 ml of O.lM phosphate buffer of pH 7 , 4,

The substrate

aniline HCl (0,5 ml of a sOlution containing 1.30 mg per ml) was added
at zero time.

Incubation in a shaking incubator was carried on for 30

minutes, at 37°C, under an atmosphere of oxygen.

Extraction and meas-

urement of the product, p-aminophenol (PAP), were as described by Kato
and GiJ.J.ette (1965).
Pesti cide

as~Jav

Pesticides in body fat 11ere assayed by gas liquid chromatography
utilizing electron capture detection a s outlined by Stre et (1964),
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Hicrosomal protein
Microsomal pellets were prepared as

foll01~s.

Liver hanogenates

canposed of 1 g of liver plus 4 llll of a solution containing 1 .15;6 KCl

.75% nicotinamide were centrifuged at lO,OOOx g for

and

10 minutes .

All

:further dilution!! t1ere made with this same KCl -nicotinamide solution.
One llll of the supernatant fl.uid in an oxce:Js of the diluent wa!l centrifuged at 105,000x g for 6o minutes.
once

in~

The microsomal pellet was ~1ashed

with the diluent following which it was rehomogenized in

4 llll of diluent.

Protein was determined by the method of L~ry et al.

(1951).
Vitamin datei'IIIiruttion
Ascorbic acid storage in liver was determined by the method of Roe
and Kuether (1943) as modified by Geshwind et al. (1951 ).
prepared by hanogenizing 1 g of liver with 10 llll of

&%

Sampl es ~mre

trichloroacetic

acid ,
Vitamin A was determined in liver by a Carr- Price method similar to
the procedure of the Association of Vitamin Chemists (1947).
F..xperilnental Design
Designs used were of either of two types , completely r andomized or
factorially arranged .
treatments.

Experimental animals were randomly assigned to

i-lhen animals were killed, an equal number of animals from

each treatment

>~ere

included in each run of the in

!iE:2

enzym3 deter-

minations to counter the confounding effects from a small amount of
variation in the time and temperature of the incubation process .
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Rat exoeriment:>
Experiments involving rats were of 15 days length .

On day 10 of

the feeding period, hexobarbital sleep times were determined .

At the

end of the feeding periods the rats were killed, livers weighed, body
l·loights determined , and feed consumption measured .

In vitro detennin-

ations were made of liver activity of EPN detoxication , 0--demethylase,
ani aniline oxidase.

In a few experiments , determination:> were perform-

ed of body fat levels of pesticides .

Guinea pig

exo~riments

Guinea pig experiments
design.

~1ere

of various lengths depending on the

In saue designs, time itself was a variable .

Zoxazolamine

paralysis times were determined in only one experiment and hexobarbital
sleep times were not determined in guinea pigs.
those u sed in rats .

In~

tests

~1ere

Liver levels of ascorbic acid were determined when

it was used as a treatment .

Concentration of vitamin A in liver was

measured in one experiment .
Statistical Analysis
Statistical methods employed were, in general, according to methods
taken from Ostle (19 63 ).

Vari!l.bility was expressed in terms of the
Missing values occurred when an animal

standard error of the mean .

died , a sample was lost, or a value was markedly atypical .
doubt regarding

1~hether

a value was atypical the Q test of Dean and

Dixon (1951) was employed .
replaced by the mean.

In cases of

In factorial analysi:>, missing value:> ~1ere

In mo:>t nonfactorial experiments the significance

of the differ ence between a treatment mean and the mean of the control
was measured by the LSD test.

Significance was a:>sumed if the P value

)6
wa:; less than .05 or .01 and wa:; expressed as significance at the 5'%>
or 1~ level respectively.
significance,

*

at the

Aste risks were used in tables to indicate

5%level

and

**

at the 1% level.

Contpari:;ons of various experimental groups was done in such a way
that a particular group t·r.i.ll appear in various places in the presentation and discus:;ion of r esults .

In case:; where there is duplication in

presentation of r esults , table:; are cross referenced.
avoid confounding but no attempt

~laS

Care was taken to

made to make orthogonal comparisons.
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RESULTS AND DISCUSSION
Tolerance

i£

Endrin

To illustrate the importance of induction in the biologic response
to organochlorine pesticides , a number of experiments were performed to
verify the incidental observation of development of endrin tolerance in
rats and to study the role of induction in this tolerance.
In the initial experiment , endrin was one of a number of organochlorine insecticides being tested for their capacity to induce hepatic
microsomal enzymes .

Rats were fed a semipurified diet containing 25

parts per million ( ppm) endrin .

Results obtained with the endrin-fed

animals and the control group are given in the upper part of table 1
and figure 1.

The lower part of table 1 pertains to a duplicate ex-

periment involving c onventional diet and is discussed on following
pages.
No animals were observed to be ill on the first day.

Beginning the

second day on the diet and continuing for seven to nine days the follow•
ing signs

~1ere

observed:

depressed appetite, weight loss, lowered water

consumpt ion , lethargy, and rough hair c oat.

The more severel y affected

animals became unfriendly and avoided capture, but usually did not be come vicious .

Most of them were observed in sporadically occurring

clonic convulsions of such severity as to occasionally throw the animal
two or three feet into the air .

Noise or tactile stimulation often

precipitated these convulsions as did also induction of anesthesia with
hexobarbital.

Arrllnals which underwent convulsions had hemorrhages

Table 1.

Effe cts of endrin consumption on activity of hepatic micro:Hlmal hydrozylative enzyme s in rats
fed semipurified and conventional diets

Mortality
( deaths)
total

Liver ~Ieight
(g/lOOg Bl·l)

Semiuurified diet
Control a
Endrin (25 ppm)a

0/ 6
0/4

4 . 28
4 . 64

± .lJ
± .15

.8
2.4

± .1
± .1*

J. O ± .1
7-0 ± 1 -3*

Conventional diet
Control b
Endrin (25 ppm)

0/4
2/4

4 . 82
5 -31

± ·09
± .17

1 -5
4.5

± .1
± ·3**

3·7
6. 7

Treatment

(~:gd;;;x· )
50

rng liver

(

o:e;~h)

50

a Tr eatments taken frcnn experiment presented in full on table 6 .
b Control gr oup is the same as conventional diet gr oup of table 11.

mg

l iver

± .1
± . 8*

Aniline

(~)
g live r

27

±1

65 ± 5**

±J
75 ± 12
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Hexobarb.
sleep
time
(min . )

130
27
46
20

± 6
± 5**
± 10
±1
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around the face and feet and lacerations on the rostral aspect of the
limbs and on the tail.

Animals not observed to have convulsed but

which otherwise appeared ill had, almost without exception , similar
lesions.

Some of the lacerations appeared to be bite marb but no an-

imal was observed in the act of biting itself.

Internal l esion s were

not observed, hm<ever necropsies ••ere only incidental to excision of
liver and peritoneal fat.
The!'e 1-1ere no deaths on this first experiment.

Deaths which occurr-

ed in succeeding experiments sometimes occurred shortly following a seizure, but most animals were unobse rved at the time of death.

If an animal

did not lose weight excessively or go into convulsions it 't-lould almost
always recove r.

Recovery appeared to b e complete as judged by general

appearance of the animals and by rate of daily body 1-1eight gains during
the latter part of the two-week experiments.

A chronic state of intox-

i cation was not apparent, in spite of the continuous ingestion of endrin,
unless there 't-las concurrent disease of other types.

Frm figure 1 it

can be seen that endrin-fed animals lost weight the first six days but
thereaf'ter gained weight at a rate equal to or slightiy gr e ater than
controls.

Feed consumption, as illustrated in the same fi gure, parall-

eled body 1-1eight change s.
The development of tolerance to endrin is illustrated by comparing
the doses ingested during the early and late periods of the experiment.
Treon et al. (1955 ) r eported that the acute LD50 of endrin for young f e male rats was 16.8 mg per kg body weight .

From thi s, i t was calculated

that a dose of approximately one-third LD
Has c onsumed in the first
50
six days of this experiment and resulted in severe

into>~cation .

A

greater dose, approximately one f ull LD , was consumed in the last six
50

41
hm~ ever,

days of the experiment,

with no obnervable effect.

For discussion purpones, this experiment, and thone that follow, have
b een divided into two periods.

The first seven to nine days when weight

lons or deaths occurred Has designated the intoxication period.

The

lat ter five to seven days of the expe riment when the animals were regaining weight and eating normally a gain <1as designated the recovery period.
The terms "intoxication" and "recovery period" "1-lere uned to identify
states o:f individual animals rather than arbitrary time periods.
Activity of liver microsomal enzymes in the first experiment in
shown in table 1.

Animals fed endrin had increased enzyme activity as

measured in both the in

m.£

and the in vitro response s.

were also increased by a small margin.

Liver weights

These observations "1-lere indicat-

ive of enzyme induction.
A duplicate experiment was designed to study the effect of basal
diet on development of endrin tole rance.
in this ntudy.
ure 2.

A conventional diet >1aG u ned

Results are given in the lower part of table l and fig-

Intoxication and recovery <1ere essentially the same as those in

the prior experiment that utilized a semipurified diet.
enzyme activity was increased in rats fed endrin .

Microsanal

Height loss <las more

pronounce d on the conventional diet than had been observed with the semipurified diet and t <10 of the four rats fed endrin died.

This apparent

increased toxicity "1-las probably due to the gr eater consumption of the
conventional diet (higher roughage content) .

A dose of one-half of an

LD50 was consumed by the animals on conventional diet in the first six
days compared to one-third of an LD50 for those on s emipurified diet in
the previous experiment .
there ue.s little effe ct

It would appear from these results that pr obably
of the nature of the banal diet on intoxication
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and tOlerance development .
The relationship of the two observations , enzyme induction and tOlerance to endrin , sugge sted a causal r elationship.

To test this hypo-

thesis rats wore fed a rather potent inducer, dieldrin, in order to stimulate microsomal enzyme activity prior to feeding endrin.
fed at the rate of

Dieldrin was

25 ppm of the diet for five days prior to feeding

25 ppm endrin for 10 days.

Results are sunnnarized in table 2 and figure

3· Increases in microsomal enzyme activity to about the same level
occurred in both pretreated and nonpretreated rats, however the assays
wore performed in tho recovery period and any e ffect of the pretreatment was probably nruch reduced by that time .

Of four animals fed only

endrin, two died and the other two lost weight excessively during the
period of intoxication.

The four rats pretreated with dieldrin before

feeding endrin i l l survived and signs of intoxication
observed and of less severity.

~10re

l ess often

Greater consumption of the endrin-con-

taining diet by pretreated rats during the

intoxication period gave

further emphasis to the protection afforded by dieldrin.
The final experiment in this section ;1as undertaken to gather further evidence that induction was the mechanism of endrin tOlerance.
A structurally unrelated compound , phenobarbital, was employed as a pretreatment inducer in comparison to dieldrin.
of 1000 ppm of the diet and dieldrin at
ments for five days.

50

Phenobarbital at a level

ppm were u sed as pretreat-

The level of induction by dieldrin during the pre-

treatment period (table 3) was substantial but only about half that produced by phenobarbital.

After the pretreatment period, endrin was fed

15 days at level s of 15 , 25, and 35 ppm .
Some protection against endrin intoxication was afforded by both

Table 2.

Effecb of conSU!IIption of diets containing endrin and endrin plus dieldrin on activity of hepatic
microsomal hydroxylative enzymes in rats

Aniline
oxida!le

Mortalit~

Treatment

deaths
( totals

( Hg PAP

\ g liver

Control

0/ 4

4 . 65 ± .19

Endrin (25 ppm)

2/4

4 . 85 ± . 25

4 . 9 ± · 52**

7 . 2 ± 1 . 0•

84 ± 6••

Endrin (25 ppm) +
Dieldrin (25 ppm)a

0/ 4

5 . 01 ± .19

4 . 0 ± .4*•

7 · 3 ± 1.1**

87 ± 5**

·7 ± .2

a Dieldrin f ed 5 days followed by endrin for 10 days .

(.

2.3 ±

.2

34 ±

3

)

Hexobarb .
sleep
time
(min. )
98

± 18
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Table 3·

Effects of five-day consumption of dieldrin and phenobarbital on activity of hepatic microsomal
hydroxylative en zymes in rats

Treatment

No. of
rat::;

Liver weight
(g/lOOg BH)

EPN detox.
(

Bf;PNP )

50 me; liver

(

O~e;:;h ·)
50

mg

liver

~~d~e

(li:
g liver

Control

5

4.64 ± .10

.4 ± .1

1.5± .1

33 ± 2

Dieldrin (25 ppm)

5

4 . 89 ± . 22

2 .1 ± .4*

2.8 ± ·3

68 ± 8

5 . 88 ± . 26**

4.5 ± ·5**

4 .8 ±

Phenobarbital (1000 ppm) 5

·?**

llJ ± 25**
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dieldrin and phenobarbital pretreatments (table 4).

Mortality was de-

creased at the 15 ppm level of endrin and mean survival time was increased at all three levels of endrin feeding by both pretreatments.

Hm~ever,

protection by phenobarbital was not superior to that given by dieldrin,
in spite of the much greater microsomal enzyme activity at the start of
the endrin-feeding period.

One possible explanation for this is that

dieldrin had greater capacity to induce enzymes involved in degradation
of cyclodiene pesticides .
A complication of concurrent disease arose in this experiment which
to a large extent precluded assessment of phenobarbital pretreatment.
Low grade enteritis
the breeder .

~las

present in the rats as they

~1ere

received from

This was not a serious problem in control animals; of 30

animals not fed endrin, none died and only one did not gain weight.

Hml-

ever, a fatal black tarry diarrhea was noted in many of the animals fed
endrin .
itive .

An occult blood test performed on the diarrhetic stool was pos-

Even some animals that survived the period of intoxication and

were r egaining weight contracted diarrhea, quicldy lost weight, and died.
Toxicity of endrin appeared to be increased as a reault of the interaction w.i.th this enteric disorder.

In previous experiments mortality in

rats fed 25 ppm endrin did not exceed 50% , •·1 hile in this experiment none
aut of five rats survived at this level of endrin feeding and only one
out of five rats fed 15 ppm endrin survived.
Induction of microsrnnal enzymes was also impaired in these diarrhetic
animals (compare data in tables 1 and 3 w.i. th those in table 4).

As an

example, in previous experiments, EPN detoxication enzyme was induced up
to 70~1 of control after 15 day feeding on 25 ppm endrin but in this
experiment indu ced activity did not exceed 30~ of control .

Table 4,

Effe cts of dieldrin and phenobarbital pretreatment on mortality
of hepatic microsomal hydroxylative enzymes in ratsa

cau~ed

by endrin and activity

Pretreatment

11ortalit)
(?eaths
\total

Hean
EPN detox .
Survival
(_ !li\ PNP
\
time (days) \50 mg liver)

Control
Endrin (15 ppm)
Endrin (25 ppm )
Endrin (35 ppm)

None
None
None
None

0/5
4/5

15 . 0
9.2
6. 0

· 9 ± .1
2 .1

1. 8± .1
4.2

22 ± 2
48

Control
Endrin (15 ppm)
Endrin (25 ppm)
Endrin (35 ppm)

Phenobarb.
Phenobarb .
Phenobarb .
Phenobarb .

15 . 0
12.4
9·0
8.0

.6 ± .1
1 .8 ± . 2
2.3

1. 4± .1
3·3 ± .4
4.5

15 ± 2
38 ± 5
29

Control
Endrin (15 ppm)
Endrin ( 25 ppm)
Endrin (35 ppm)

Dieldrin
Dieldrin
Dieldrin
Dieldrin

15.0
14 . 4
7. 6
6. 2

1.1± .1
1. 6 ± . 2

2. 3 ± .1
3 · 0 ± .1

22 ± 1
35 ± 4

5/5
5/5
0/5
2/5
4/5

5/5
0/5
1/5
5/5

5/5

Aniline
(. }.lg

\g

PAP~~
U~er J

s.o

a Confounding by enteritis precluded statistical analysis .

f

0-demeth .
(. jlg PNP
~
\50 mg liver)

oxida~e

Treatment

A number of conclusions are dra>m from those studie:; on endrin tolerance .

The first is that endrin

inducer.

~1as

a rather potent microsomal enzyme

Induction by endrin has also been observed by Hart (1964), and

Schwabe and Wendling (1967).

Hart observed only a moderate amount of

induction of microsomal enzyme activity after a single injection of ondrin in rate.

He even found a depression in the rats of p-nitrobcnzoic

acid reduction.

Probably a single injection

~las

not sufficient to allow

fUll expression of the inductive capacity of endrin.

A second conclusion is that endrin tolerance can develop in
rats.

After exposure to sublethal amounts of endrin, rats

~1ere

l:~boratory

able to

thrive on a diet containing enough endrin to cause intoxication of rats
not :;o conditioned .

Supporting evidence for this conclusion of tolerance

development has come from \vebb and Horsefall (1967) ~1ho observed acquired endrin tolerance in pine mice.

Richardson et al. (1967) gained

same indirect evidence of endrin tolerance by chronically feeding the
compound to dogs and observing that the pesticide did not accumulate in
the blood.

In retrospect , the data of Treon et al. (1955) also support

a conclusion of development of endrin tolerance in rats.

They observed

that female rats on a diet of 25 ppm endrin suffered three deaths out
of 20 in the first

~mek,

than in controls.

In the period of the 80th to 106th ~1eek on this diet

but beyond that time mortality was no greater

the rats fed 25 ppm endrin had even less mortality than controls.

Body

>Ieight gains at 20 and 40 Hoeks ;,ere significantly gr eater for the
endrin-fed rats .
Two r ecent reports, in addition to the data already cited, stimulate
the thought that perhaps tolerance development is a general characteristic of highly toxic, fat-soluble compounds.

Hutterer et al. (1968)
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observed development of dieldrin tolerance in rats fed sublethal amounts .
Todd et al . (1968) saw to] erance to dietary aflatoxin develop in rats in
a manner remarlcedly similar to that reported here for endrin.

Height

loss and other indications of intoxication during the first week were
fallCMed by recovery in spite of continued consumption of the aflatoxincontaining diet.
Third it j_s concluded that endrin tolerance was probably the result
of induction of hepatic microsomal hydroxylative enzymes capable of degrading endrin.

Evidence to support this conclusion is of various types

and comes from various sources .

From data in this report there are at

least four evidences to support this conclusion.

First, inducers of un-

like structure afforded protection against endrin intoxication .

Second,

the lag period before animals fed endrin developed tolerance , was camparable to the

slm~

development of induction by organochlorine pesti-

cides seen by Hart (1964) and Street (1967 b) .

Third, the partial

starvation which occurred during endrin intoxication did not entirely
prevent tolerance development .

Similarly, DDT treatment of protein-

starved rats maintained microsomal enzyme activity (!1cLean and HcLean,

1966).

Finally, failure in the development of endrin tolerance in

diarrhetic rats was accompanied by depressed induction.
other investigators have reported
support .

~1orlc

that can be used as i'urther

Sun and Johnson (1960) found that sesamex, an inhibitor of

microsomal enzymes , increased endrin toxicity for houseflies by
times .

J .8

Korte (1968) later found that endrin injected into rats >las con-

verted into hydrophilic metabolites.

Storage of endrin in rats was re-

duced by concurrent treatment Hith dieldrin, a potent inducer of microsomal enzymes (Street, 1967 b).

Finally, Brooks (1968 ) reported that
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pig and rat liver microsomes converted endrin to a monohydroxy metabolite.

A further evidence is the rolationGhip of greater

microsomal

enzyme activity in mature male rat:; canpared to femal e s (Remmer, 1962),
with a greater r esistance to endrin in male ratG (Treon et al., 1955).
Korte (1968) added to this by finding that the biological half lifo of
endrin in male rats
days.

>~as

b1o days but in f emales it

>~as

three to four

Hebb and HorGefall (1967) postulated that the endrin tolerance

they obGerved in pine mic e was due to induction of pesticide-degrading
enzymes.

A similar hypothesis waG voiced by Hutterer et al. (1968) to

explain dieldrin tolerance in rats, but neither of these groups had experimental data to support their ideas.

In almost all categorie s of

evidence (e.g sex differences, synergistic ratio , microGomal degradation
of pesticide ) there iG a Gtronger case that endrin is degraded by inducible microGomal enzymeG than oxiGts for dieldrin , and yet dieldrin
haG been postulated (Street and Blau , 1966) to be degraded by these
enzymes .

If the case for dieldrin is strong it is even stronger for

endrin.
On the other hand, tho case for induction as the mechaniS!II of endrin
tolerance is not

flal~less .

Even though phenobarbital produced markedly

greater induction than dieldrin , it provided no greater protection a gainst
endrin intoxi cation .

Al so dieldrin , as will be discussed in detail fur-

ther on, produced about the same level of induction as endrin when fed
comparable periods of time,
shm~ed

yet rats pretreated with dieldrin still

some intcr..d.cation when later treated with endrin .

parent exceptions hot·Iever might be artifacts .

These two ap-

Nuch of this whole line

of reaGoning and even the apparent inconsistencies , are based on an assumption that,

in:;ofar

as endrin metaboliS!II is concerned , tho induction
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produced by endrin, dieldrin, and phenobarbital i:> identical.

Rather i t

might be that phenobarbital and dieldrin induced enzyme:> which degraded
endrin at a :>loH rate and when endrin <las later fed i t induced enzymes
more efficient in its

a<~n

degradation.

At the pre:>ent, induction appear:> to be a probable , but not incontestable, explanation for endrin tolerance in rat:>.

The finding of

Keplinger and Deichmann (1967) that equitoxl.c doses of endrin and dieldrin were ' additive i:> in contra:>t to the present finding that dieldrin
pretreatment p rotects a gain:>t endrin intoxication.

Tho:>e data are re-

concileable by realizing that in the first case, acute lethal intoxicati on

probably occurred before induction could be effe ctive.
If perchance dieldrin protects by a mechanism other than induction,

one can :>peculate on these alternative:>.

It could be that dieldrin com-

petes with endrin for the active site:> at which harm actually occurs.
The theory that endrin produce s hann by enzyme inactivation (C olvin and
Phillips, 1968 ) is compatible with this :>peculation since an enzyme
could be regarded as the receptor of toxic action.

However, organo-

chlorine pesticides are generally thought (O'Brien, 1 967) to a ct on the
nervous system rather than as antienzymes .

Further :>peculati on is that

there is endrin-dieldrin competition for :>torage or tran:>port sites.
0 1Brien (1967 ) in revieuing t he Hork of Street (1964-) r easoned the existence of :>pa cific storage sites for which pe:>ticides compete.

Indeed,

Triolo and Coon (1969) have recently :>hmm that one pe:>ticide , aldrin,
could affect t i :>:>Ue binding of a :>econd pesticide, paraoxon.
The fourth conclusion is that endrin tolerance •ras impair ed by concurrent enteritis.

Latent diarrhea increased the mortality and de-

creased dieldrin pr ote ction in ondrin intoxication.

The significance of
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thiG interaction of enteric diGeaGe and intoxication should be stressed.
Rats with the latent diarrhea alone survived, rats fed endrin survived,
but those

~lith

both the enteric disease and the toxicant exposure died.

Induction of Hepatic Mi cronomal Hydrox;ylative Enzymes £y:
Organochlorine Pesticides in

~

and~Pigs

Rats ·have been much used for study of induction by organochlorine
insecticides but little data are available for guinea pigs.

Therefore

prel.ilninary eJq:>eriments Here perfonned using rats t o select two or three
compounds of high inductive capacity for further testing in guinea pigs.
The inductive capacities of seven organochlorine insecticides (dieldrin, endrin, heptachlor epoxide, DDT , Ovex, lindane , and gamma-chlordane) ~1ere compared in rats.
diet for

15

dayn.

The compounds Here fed at

ResuJ.ts are presented in table

seen >lith all the compounds.

25 ppm of the

5· Some induction was

There was good agreement in the ranking

of the various insecticides by the three in vitro enzyme tests.

Hexo-

barbital sleep time re5ponses and increase s in liver wei ghts uere in general agreement with in

~

re5ponses, although Ovex and lindane p ro-

duced proportionately greate r re5ponse s in hexobar bital sleep time than

in the in vitro responses .

This experiment was not designed to determine

structure-activity relationnhips but i t

~las

interesting to note that the

epo:xy cyclodienes , dieldrin, endrin , and heptachlor epoxide , wer e the
most potent inducorG .

The bridged biphenyls , DDT and Ovox, were inter-

mediate ; and the monocyclic pesticide, lindane , and the nonepo:xy cyclodiene,
gamma-chlordane,

~mre

the least active.

The inductive capacities of DDT and dieldrin uere compared in rats

Table

5· Effe cts of consumption of various or ganochlorine pesti cides on activity of hepatic hydroxylative
microsomal enzymes in rats

EPN detox .

0-demeth.

Treatment

No. of Liver weight
rats ( g/lOOg BI-T)

Control a

3

4. 28 ± -13

.8 ± .1

DDT (25 ppm)

4

4. 94 ± . 27*

2.0 ± ·5

5-5± · 7*

Dieldrin (25 ppm )

4

5-17 ± .12*

3 -8 ± . 4**

9·7 ±

Lindane (25 ppm )

4

4.38 ± · 09

1.0 ± .2

Ovcx (25 ppm)

I;

4. 84 ± .1 6

4

Gamma- chlordane (25 ppm)
Endrin (25 ppm)

HeptacP~or

epoxide (25 ppm)

(

!:!~PNP ~
50 mg liver

(

J:!g PNP

l

Aniline
oxidase

PAP
50 mg liver ( gl:!g
live r

3· 0 ±

.1

30 ± 1

7

Hexobarb .
nleep time
(min . )

130 ± 16

54± 8*

27 ± 5**

. 2**

65 ± 4**

26 ± 3**

4.3 ±

.6

36 ± 3

54± 3**

1.7 ± . 2

5. 2 ±

·3

48 ± 5*

19 ± 1**

5.16 ± . 07*

3 ·9 ± · 3**

8. 4 ±

· 9**

70 ± 6**

22 ± 2**

4

4. 59 ± .16

1.5± . 2

6.1 ± 1.1*

52 ± 4*

41 ± 4**

4

4 . 64 ± -15

2. 4 ± .1*

7. 0 ± 1.3*

65 ± 5**

27 ± 5**

a Control group is tho same as that in table 6.
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fed 1,

5, 10, 25, and 50 ppm of each compound for 15 days. Results are

given in table 6 .

In agreement \lith the above experiment, dieldrin was

more active a::; an inducer than DDT .

Within the range of pesticide con-

centrations emplQYed in this experiment, induction increased with dosage .
For dieldrin induction of EPN detoxication the relation::;hip
straight line (figure 4).
levels of dieldrin .
and even

~

~JaG

nearly

other reaponses reached a pleateau at higher

For DDT there was some plateauing of all reapon:Jes

apparent decrease in enzyme activity at higher do::;e:J.

Street

(1969) emplQYed a much 'Wider range of DDT doses and found that the inductive response

increased above

than linear fashion.

50 ppm DDT but in a logrithmic rather

Hofflna.n et al. (1969) ~Jorld.ng with male rats

found that tho inductive response increased up to a dietary level of

750 ppm DDT, but at about this dose rate the animals becrune intoxicated
and the inductive response diminished.

Threshold doses of these t'Wo pesticides for the inductive response
can be inferred from this experiment.

Induction as measured by decreas-

ed hexobarbital sleep time l<as produced by 1 ppm of both compounds .

How-

ever the amount of induction produced by this level of either compound
was not statistically significant (table 6 ).

Decreased hexobarbital

sleep time after ingestion by rats of 1 ppm dieldrin for two weeks has
been a constant observation over many experiments done in thi:J laboratory.
At the 1 ppm dietary level of either compound there \la:J no change in
lcvel:J of in vitro enzytOOs.

At the

5 ppm level of dieldrin all enzyme

r esponses were increased but at the same level of DDT only the hexobarbital sleep time and aniline oxidase \Jere changed .
that dietary levels of DDT and dieldrin lmJer than

It is concluded

5 ppm and possibly

even as lmJ as 1 ppm produced induction of micro:Janal enzymes .

Thi:J

Table 6.

Effects of consumption of various dietary levels of DDT and dieldrin on activity of hepatic
microsomal hydroxylative enzymes in rats

Treatment

Control a

of Liver >·Ieight
rats (g/lOOg BH)

~! o .

. Aniline
EPN detox.
0-demet..h. .
(
llg
PN
P
)
oxidase
(
!;B PNP
\
50 rng liver.} 50 mg liver ( Hg.PAP)
g l~ver

Hexobarb.
sl eep time
(min.)

3

4. 28 ± .13

. 8 ± .1

3. 0 ±

.1

30 ± 1

130 ± 1 6

DDT (1 ppm)

3

4. 20 ± . 01

. 8 ± .2

2.7 ±

.4

27 ± 1

98 ± 10

DDT (5 ppm)

4

4. 57 ± .15

. 8 ± .1

2. 9 ±

.2

32 ± 1

60 ± 7**

DDT (10 ppm)

4

4. 51 ± .13

1.0 ± .1

3· 5 ±

.2

37 ± 2

51± 4**

DDT ( 25 ppm)

4

4. 94 ± .27*

2.0 ± ·5

5·5 ±

·7*

54± 8*

27 ± 5**

1 . 7 ± .1

4.1 ±

·5

44 ± 7

25 ± 3**

2. 8 ±

·3

29 ± 11

.6

51 ± 6*

64 ± 14**
26 ± 3**

!f

4. 98 ± .15*

Dieldrin (1 ppm)

3

4. 5J ± . 08

. 6 ± .1

Dieldrin (5 ppm)

4

4. 42 ± .08

1.4 ± .2

5.0 ±

Dieldrin (10 ppm)

4

4. 74 ± .14

1. 8 ± ·3

6.1 ±

· 3*

58± 4**

Diel drin (25 ppm)

4

5·17 ± .12*

3· 8 ± . 4**

9·7 ±

.2**

65 ± 4**

26 ± 3**

Dieldrin (50 ppm)

4

5 -70 ± .42**

5 . 6 ± · 5**

11 -7 ± 1. 0**

75 ± 3**

20 ± 1**

DDT (50 ppm)

a Control group is the same as that in table 5·

112 ± 30·

"'a--
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Hexobarbital sleep time
Aniline Hydr oxyl ati on
EPN detoxication
0-demethylation
Liver lJeight
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Change s in activity of hepati c hydroxylative micr os omal enzyme s in rats f ed various l evels of DDT or
dieldrin (15 days )
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conclusion has been confirmed by a number of

~1orkers.

Gillett and Chan

(1968) and Gillett (1968) measured microsomal aldrin epoxidation and
found that the inductive threshold of dietary DDT uas about 2 ppm and
that for dieldrin it was about 1 ppm.
served induction of both in vivo and
animals fed

5

ppm DDT .

Sch1~abe
in~

and \Vendling (1967 ) obbarbiturate metabolism in

Kinoshita et al. (1966) observed increases in

microsomal enzyme activity in male rats fed 1 ppm DDT for 1
er .

The ,threshold in femal e rats was slightJ.y higher.

~1eek

or long-

By extrapolation

from data, Street et al. (1968) estimated that dieldrin storage would
be antagonized by 1 ppm of DDT in the diet for 10 days.

Presumably in-

duction of microsomal enzymes was the mechanism of this antagonism.
Hoffman et al. (1969) using male rats calculate d the DDT threshold for
induction of 0-demethylation of p-nitroanisole to be 3 . 27 ppm.

These

various reports are interesting in view of the fact that DDT residues
of 7 ppm and dieldrin residues of .25 ppm have been permitted in some
items of food.

It is therefore quite possible that humall3 are at times

ingesting enough of one or a combination of organochlorine pesticides
to cause induction.
Comparisons of the changes in the five tests of microsomal enzyme
activity over the range of doses of inducers employed are quite revealing (figure 4).

Hexobarbital sleep time was decreased at 1 ppm of

either DDT or dieldrin, but at the higher doses of pesticide, 25 ppm or

50 ppm, there

~~as

a little change with dose .

These r e sults are inter-

preted as indicating that this test 1~as quite sensitive in detecting a

small quantity of induction and measuring differences in response at
low do:ws, but at high doses of inducer this test 1-1as relatively insensetive.

At lov1 doses of pesticide, aniline oxidase responded l ess than

59
hexobarbital sleep time but still more than the other in vitro tests employed.

At the high doses this test was quite insensitive.

0-demethyl-

ase responded poorly at lm•er dosage and inconsistently at higher ones.
The greatest proportional induction among the five procedures was measured by EPN detoxication.

Activity of EPN detoxication increased slowly

at lm·Jer dosage levels, but at higher levels enzyme activity rose to proportionally much higher l evelG than ;;ith any other in vitro procedure employed • . Thus EPN detoxication is concluded to be insensitive at low
doses of inducer but at higher doses it was the moGt senstive of the procedures tested.

Liver weightG, expreGsed as proportion of body weight,

increased 1dth dosage but the differences were not large .

Kinoshita et

al. (1966) reported similar r esults to those given here for DDT treatment of f emale rats in the same dosage range.
DDT and dieldrin >Jere fed to guinea pigs to determine their inductive effect in this species and to determine if DDT would antagonize dieldrin storage as it does in rats.

Diets supplemented ;nth four ounces of

tomato juice per day ;;ere fed for the 11 day experiment.

DDT was fed

at 50 ppm of the diet.

A second group was fed 50 ppm DDT and 1 ppm

dieldrin concurrently.

A third group ;;as given 1 ppm dieldrin.

The

fourth r eceived 50 ppm dieldrin while a fifth group received only basal
diet.

Results are presented in table 7.

DDT waG not a potent inducer as measured by any of the enzyme tests
used nor by any significant reduction in dieldrin storage which had been
predicted from Street 1 G work (1964) in the rat.
low >Jith less than

JO

DDT storage was very

ppm in peritoneal fat compared to a storage of over

400 ppm in rats similarly exposed (Street, 1969).
only very small amounts; in many animals i t

>~as

DDE was detected in

below the level of de-

Table 7• Activity of hepatic micronornal hydroxylative en~JmCG , liver storage of
ntoragc in guinea pigs fed various crn~inationn of DDT and dieldrin
No ,

Treatment

Control
Dieldrin (1 ppm)
DDT (50 ppm)
Dieldrin (50 ppm )
Dieldrin (1 ppm ) + DDT
(50 ppm)

GP

Livcr l!Sight
(g/lOOg BH)

7
4
4
4
4

; . 4o
3.11-8
J.81
3.98
3.63

of

±
±
±
±
±

.16
.13
.14
.10
.21

0-demeth.

Aniline
oxidase

!lg Pl!P
.\
( 50 mg liver; ( 11g PAP
g liver

8.0
12.1
10 . 5
28 . 6
13 . 0

±
±
±
±
±

·7
.17
1.7
2 . 5**
2.1

38
27
41
84
41

J
J

=
10
± J
± 7
± 5**
± 6

vit~~n

A, and pesticide

• Zoxazolamine Body weight
paralysis
gain
time (min . ) (g/lOOg orig.Bl-l)
239
)68
241
70
146

±
±
±
±
±

70
47
68
9
29

13 . 0
19.0
8. 0
-. 8
12 . 0

±
±
±
±
±

2. 5
2. 6
1. 9
4 .1*
2.6

Table 7. Continued
Treatment

Control
Dieldrin (1 ppm)
DDT (50 ppm)
Dieldrin (50 ppm)
Dieldrin (1 ppm ) + DDT (50 ppm)

Vitamin A
(p.g/g liver)

DDT conGUJ11ed
(mg/ kg B':l)

52.0
4o . o
)0 . 6
12 .9
27 . 4

39·3 ± ).2

14.9
17.4
7· 6
4.8
12 . 2

Dieldrin
consumed
(mg/kg Bi-l)

DDT stored
Dieldrin ntored
(ppm in fat) (ppm in fat)

. 85 ± . 01
40 . 4 ± 1. 6

28 . ) ± 5·0

35 ± 9
. 81 ± . OJ

20 . J ± 1.9

7· 9 ± 1.5

)60 . 5 ± 62 . 5
.8
7·7 ±
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tectability.

Durham et al. (1963) reported that Rhesus monkeys also

stored only small quantities of DDE after ingestion of DDT.

It was tempt-

ing to speculate that inefficient DDT storage precluded stimulation of

enzyme activity; but Ovex, an organochlorine of somewhat similar structure to DDT, WaG a potent inducer in the rat in spite of limited storage
(Street, 1 969 ).
At a dietary level of only l ppm , dieldrin was stored in quantities
about as high as the 50-fold greater dose of DDT.

Consumption of the

50 ppm dieldrin diet resulted in substantial induction but the diet was
not well tolerated by the animals as evidenced qy boqy weight loGs
(table 20 in appendix) .

In the combined DDT and dieldrin treatrnent

there ;,as even a suggestion that the dieldrin present actually decreased
DDT storage.

Zoxazolaroine paralysis time determination, although not a

very satisfactory procedure (numerous deaths) , did provide some evidence
that the 50 ppm dieldrin treatment stimulated in vivo i .n duction of microsanal enzyme activity; tho mean paralysis time

~1as

markedly reduced .

The liver content of vitamin A was decreased in all treatments in proportion to the magnitude of induction.

Liver levels of the vitamin were

reduced about 75% in animals fed 50 ppm dieldrin.

It has been reported

that in rats (Phillips, 1 963 ) and steers (PhillipG and l!idiroglon, 1965)
DDT decreased vitamin A liver storage but feeding dieldrin to rats did
not decrease vitamin A storage (Phillips, 1965 ).
dieldrin employed qy Phillips

1~ere

The dietary levels of

leGs than those used in this Gtudy .

The rat may not be a representative species regarding the DDT antagoni sm of dieldrin storage .

DDT r educed dieldrin storage in s;,ine but

not sheep or chickens (Street et al . , 1966 ).

In cattle, DDT was ineffect-

ive in stimulating activity of liver microsomal enzymes but effect on
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dieldrin storage was not studied (Street et al· , 1968) .
In order to verify the effect of dieldrin on storage of DDT, which
was previou!ily suggeated, guinea pig s were fed 25 ppm dieldrin and

50

ppm DDT concurrently for 14 days in comparison to a control group fed

50 ppm DDT.

The storage of DDT ~1as reduced 76.4% by concurrent feeding

of dieldrin (table 8).

Tabl e 8 .

This reduction occurred in spite of a slightly

Activity of hepatic microsomal hydroxylative enzYmeS and storage of pesticides in guinea pigs fed DDT and DDT plus dieldrin

Response

DDT (50 ppm)

Number of guinea pigs

4

4

Liver weight (g/lOOg F!tl)

4.72 ±

0-demethylase ( ~ll:Ve"F)
mg ~ver
Aniline oxidase

9·8
41.9

DDT consumed (mg/kg Bl-/)

71.7 ± 6 . 4

DDT stored (ppm in fat)

25.8 ± 2 . 3

<~\i!r)

greater consumption of DDT.
fed DDT.

Treatment
DDT (50 ppm) +
Dieldrin (25 ppm)

±

. 26
·9

± 6.4

DDE storage levels

>~ere

5 · 27 ±

.12

22 . 0 ± 1.3**

69 ·5 ± 5. 6•
80 . 7 ± 2 . 9
6 .0 ±

·9**

very low in animals

In rats, dieldrin-stimulated reduction of DDT storage haG not

been reported;

Street and Blau (1966) on the contrary, reported that

dieldrin-DDT concurrent feeding resulted in

in creas~~

storage of DDT .

Observations of pesticide interactions are of greater importance

~Jhen

it

is realized that animals and humans are in most cases exposed to combinations of pesticides rathe r than a single canpound.
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The next experiment compared tho inductive capacities of dieldrin,
DDT, and lindane in guinea pigs when each was fed at 25 ppm for 15 days .
Results can be viewed in table 9 .

As observed before, dieldrin stimulat-

ed marked induction while DDT and lindane stimulated only marginally in-

·c reascd enzyme activity.

Dieldrin

~las

stored in large amounts in body

fat in contrast to the relatively limited storage of DDT and lindane .

Be-

cause of these resUlts, dieldrin was used as an inducer in further
studies in guinea pigs.
Microsomal enzyme responses differed in guinea pigs and rats both
in baseline levels of activity (control levels ) and amount of induction as shown in figure 5·
6 and 9 .

Data for this figure were taken from tables

EPN detoxication baseline values in guinea pigs were 8-fold

higher than those of rats.

This is in agreement with earlier findings

of Neal and Dubois (1965) .

Values for this enzyme following dieldrin

treatment of guinea pigs increased inconsistently and seldom to values
as much as 20Q-~ of the control.

Dieldrin induction of EPN detoxication

in rats resulted in values of about 500% of the controls .
oxidase control values for the two species

>~ere

Aniline

similar and in both

species 25 ppm dieldrin produced values of about 200% of the controls.
0-demethylase values of control guinea pigs were about 30 fold higher
than baseline values in rats.
~1ere

Similar results in guinea pigs and r ats

reported by F1.ynn et al . (1969).

Induction of 0-demethylase by

dieldrin increased activity up to 200-300% of controls in guinea pigs
and about the same proportion in rats.

In several experiments in guinea

pigs, 0-demethylase responded to dieldrin treatment more consistently
than either of the other two tests .

Thus EPN

>~as

the most responsive

test in rats and the least responsive in guinea pigs.

On the other hand

Table 9 ·

Activity of hepatic microaomal hydroxylative enzymeG and Gtorago of peaticidea in guinea piga
fed DDT, dieldrin, and lindane

EPN detox.
0-demeth .
( j!g PNP
) (j!gP1P
)
50 mg liver
50 mg liver

Treatmenta

No . of Liver 1>1eight
G p
( g/lOOcr B\'1)

Control

5

5 - 08 ± . 45

6. 4 ±

DDT (25 ppm)

5

4.53 ± .:J4

8.2 ± 1.0

Dield~_n

4

4 . 85 ± · 33

10 . 5 ± 1. 3*

5

3-88 ± .24

( 25 ppm)

Lindane (25 ppm)

7 -2 ±

.4

.6

a JIJ.l gr oup a taken f r o.'ll experiment pr esented in .t'ull on tabl e 14 .

9·7 ±

·9

Aniline
orldane

(~)
g liver
39 ± 4

11.7 ± 1.1

53± 10

2) . 6 ± 3 · 2**

90 ± 13**

12. 9 ± 1.1

Peaticide
stored
(ppm in fat)

60 ± 4

20.8 ±

2.4

542 . 0 ± 114. 4
12.4 ±

3· 5

GUINEA PIG
of control)

c%

100

200

c%
300

100

200

RAT
of control)

600

EPN DETOXICATION

0-DEMETHYLASE

ANILINE OXIDASE

Control Enzyme Activity

Induced Enzyme Activity
Figure

..
CJ

5· Comparison of normal and induced levels of hepatic microsomal hydro:xylative enzyme activity in
rats and guinea pigs. Induction stimulated by feeding 25 ppm dieldrin in diet for 15 days.
(EPN detoxication and 0-demethylase activity expressed as p g of p- nitrophenol per 50 mg of liver
per hour of incubation. Aniline oxidase activity expressed as pg of p- aminophenol per g of
liver per 30 minutes incubation .)
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0-demethylase was the most responsive test in guinea pigs but the least
in rats .
From these studies comparing inductive effects of various organochlorine pesticides the follmr.ing conclusions are

dra~m.

First it is concluded t hat organochlorine pesticides as a class are
potent inducers of Microsomal enzymes .

Not all organochlorine pesticides

cannnercially available Here tested but the uniformity of response obtained from cyclodiene, bridged biphenyl, and monocyclic types would seem to
justify the generality of the conclusion.
a

two-~leek

Feeding of the c0111pounds over

period permitted assessment of the inductive capacity of the

highly toxic endrin.

This method also overcame the problem of slow de-

velopment of induction by organochlorine pesticides.
advantage of the method

~1as

The most important

that the circumstances likely to be encounter-

ed in environmental contamination were approximated .
Second conclusion is that dieldrin was a potent inducer.

vlhen fed

at 25 ppm for two weeks , dieldrin was much more active than two compounds
that have been studied much more extensively , DDT and gamma-chlordane .
The inductive threshold for dieldrin under these conditions

~1as

approx-

imately 1 ppm.
Thirill.y it is concluded that there

~Jere

species differenc es between

rats and guinea pigs in their inductive responses.

In rats the most

sensitive in Vitro measure of induction empl oyed \-las EPN detoxication.
But in guinea pigs EPIJ detoxication activity was only slightly stimulated.

Lindane and DDT stimulated little induction in guinea pigs in con-

trast to that in rats .
storage as in rats.

In guinea pigs, DDT did not antagonize dieldrin

Dieldrin v1as a potent inducer in both species and

even antagonized DDT storage in guinea pigs.

These species differences
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add to the well accepted concept that animal data can not be directly
applied to man.

On

the more poGitive side , some of the peculiarities of

the guinea pig ' s inductive response provide greater material for selection of models of the human response.
Some of the species differences reported here might be interpreted
as evidence of the existence of more than one microsomal oxidative enzyme but there is no concensus on the question of multiplicity of microsomal

en~ymes

(Hodgson, 1968) .

A fourth idea, which is of a rather speculative nature, is that
microsomal activity is limited.

The proportional induction of each en-

zyme by dieldrin in guinea pigs was inversely related to the proportional relationship of the guinea pig and rat baseline enzyme activity.

It

could be that a higher baseline reduced the remaining capacity utilizable for induction.

Detoxication through inducible detoxication

processes probably has upper limits as well as lower limits (threshold).
Further study of these limits would be advisable.
Preliminary Studies of

Dietary~

Associated

~Inducti on

A general effect of diet on microsomal enzyme activity was observed
serendipitously.

In an experiment designed to test the effects of var-

ious levels of vitamin A, rats ;1ere placed on a semipurified diet.

En-

zyme determinations were performed for a few extra rats maintained on a
commercial laboratory animal

ch~1 . SurpriGingl~

there was more microsom-

al enzyme activity in rats fed the conventional diet.
Effects of semipurified and conventional diets on microsomal enzyme
activity were studied .

A comparison was also made of the effects of
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these diets on the induction of microsomal enzymes by 25 ppm dieldrin in
rats placed on a 2 x 2 factorial experiment .

The two basal diets con-

taining 0 or 25 ppm of dieldrin were fed for two weeks.
tabulated in table 10.

Results are

Rat·s fed only semipurified diet had lower enzyme

activity than those fed the commercial diet.

However when dieldrin was

added to each of these diets, enzyme activity was elevated to about the
same level.

Animals fed dieldrin plus conventional diet did not induce

to substantially higher levels than the corresponding group on semipurified diet even with the advantages of a higher baseline and greater
consumption of the inducer.
From factorial analysis it wa s seen that both the effects of diet
anddieldrin on hexabarbital sleep time were significant at the 1% level.
Interaction of the two factors for this variable was also significant
at the 1% level.

Effects of diet and dieldrin on the in vitro enzyme

were gene rally similar to this, except that the interaction was statistically insignificant at the

5%

level for all the

~

vitro responses.

There was a question regarding the best form for presenting the
values of induced

enzyme activity.

units or proportions7
this research.

Should they be shown as absolute

This problem was encountered numerous times in

It is uncertain which form is a better representation

of the biologic situation.

Marshall and McLean (1969) faced a similar

dilemma but provided no definitive answer.

Factorial analysis is based

on absolute units rather than proportions.

Although this method of

analysis is used in these experiments , close inspection of the data is
recommended.

For example, in this experiment it is seen from inspection

of table 10 that proportion induction of EPN detoxication by dieldrin
was 1.7 times gr eate r in rats fed semipurified diet than in those fed

Table

10. Ca.'llparison of normal and dieldrin-induced levels of hepatic microsomal hydro:xylative enzyme
activity in rats fed semipurified and conventional diets

Treatment

No.
.
EPN detox.
0-demeth .
~inc ·
of
Liver t·IOJ.ght ( )lfl PNP ~ (.. }Zg PNP
~ oXJ.dase
rats (g/lOOg B\-1)
50 mg liver \50 mg liver I. )lg_ PAP
\g ll.vor

Conventional dieta

4

4.82 ± · 09

1.5 ± .2

3· 7 ± .1

46 ± 3

46 ± 10

167 ± 7

Conventional diet +
dieldrin (25 ppm)

4

4.19 ± .08

5· 6 ± ·7

7·9 ± .6

88 ± 4

19 ± 3

157 ± 2

Semipurified diet

4

4.54 ± . 08

.8 ± · 3

2.1 ± · 3

32 ± 3

134 ± 13

131 ± 5

Semipurified diet +
dieldrin (25 ppm)

4

5.20 ± .26

5.1 ± .4

6.4 ± .8

80 ± 7

18 ± 4

122 ± 5

. 802
12.151"'
·959

1. 648
89 . 029*
. 050

8.426•
62 .708**
. 014

5·725
91.081**
.382

25. 585**
69 .123**
26.177**

54. 042**
3. 841
.009

7J

Factorial Anal~sis - F values
Diet effe cts
Diel drin effe cts
Diet X dieldrin

a Same gr oup as control group of table

2.

Hexobar b .
Sloop time
(min.)

Feed
consumption
(g/l OOg orig •.B\-1)
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conventional diet, and yet, the F value for this interaction was only

.05.
One of the original conjectures put forth when these observations
were made was that the semipurified diet was lacking in some essential
nutrients required to maintain so called normal levels of enzyme activity .

This line of r easoning was discarded when it was consider ed that

the semipurified diet had supported i nduction quite well and that probably the same nutrients would be required in induction as would be required in normal enzyme activity .
Similar findings by Musulin et al. (1939 ) and Brown et al. (1954)
were discussed in the r eview section.

Thus it would seem that normal

microsomal enzyme levels can vary and that some of the controlling
factors are non-nutrient substances in the diet .
In order to study effects of specific nutrients, an experiment was
designed to detennine the effect of variqus levels of vitamin A and vi tamin

E on microsomal enzyme activity.

Three levels of vitamin A as the

crystalline vitamin A acetate were employed:

0, .688, and 258 ppm.

Vitamin E as DL-alpha-tocopherol was fed at 1 and 100 ppm levels.

Second-

arily, the effects of 0 and 1 ppm dieldrin were tested in an overall 3 x
2 x 2 factorial arrangement.

Animals were killed at one, three, and six

weeks.
Results are given in table 11; since no effect of time was seen the
values given were pooled from the three time periods .

Consistently

lowered l evels of enzyme activity were not seen in any group on a deficient diet.

The animals on defi cient diets even at six weeks did not

show any signs of deficiency disease such as weight loss or roughened
hair coat.

Therefore no conclusions as to the effects of these

Table ll.

Effect of variou::; dietary level::; of vitamin::; A and E on activity of hepatic microsanal hydro:Jcy"lative enzymen in rats being f od 0 and 1 ppm dieldrin
Hexobarb .
sleep
time
(r.dn . )

Treatment

No.
of
rat:;

Control
Control + dieldrin ( 1 ppm)
Vit . E defic .
Vit . E defic, + dieldrin (1 ppm )

4
6
5
5

1.4 ±
1. 3±
1.1 ±
1.4 ±

.1
.2
·.1
.2

4 .9
4 .9
4 .1
5 .1

±
±
±
±

·3
· 3· 7-

36
42
33
45

Vit .
Vit .
Vit .
Vit .

A
A
A
A

dofi c,
defic . + dieldrin (1 ppm )
and E defic.
and E defic . + dieldrin (1 ppm)

6
5
5
6

·9 ±
1.1±
1 .4 ±
1.2 ±

.1
.1
.2
.1

4.7
4.6
5 ·9
5 ·5

±
±
±
±

·5
·7
.8
.4

38 ± 9
43 ± 8
42 ± ll
44 ± 9

Vit .
Vit .
Vit .
Vit .

A
A
A
A

(256
(256
(256
(256

6
6
6
6

1.5±
1. 6 ±
1·3 ±
1.7±

.1
.2
.2
·3

4.7
6. 0
4 .5
5· 6

±
±
±
±

.4
. 8 ._/
·3
.6

41 ±
50±
37 ±
51±

ppm)
ppm) + dieldrin (1 ppm )
ppm ) + Vit . E defic.
ppm) + Vit. E defic . + dieldrin (1 ppm)

.2

±
±
±
±

9
10
5 14 -

10
13
7
13

±
±
±
±

5
8
77-

127 ±
83 ±
no±
98 ±

7
17
7
7

68 ±
59±
76 ±
56±

6
3
3
4

108
85
94
81

Factorial analysi s - F value::;a
Vitamin A effects
Vitamin E effects
Dieldrin effects

6. 268••
·195
4. 691•

. 477
. 046
3. 286

. 229
.041
1.739

a All t1·1 o-~1ay and three -1~ay interactions }1ere also examined but none 1·1ere significant at

32 . 692**
. 271
23.006**

5%

level•
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doficiencieo can be dra•m fr om this experiment .
The high level of vitamin A stimulated enzyme activity, as judged
by hexobarbital sleep time and EPN detoxication responses.

were significant at the 1% level.

Also there was an apparent additivity

of the inductive effects of vitamin A and dieldrin.
;l.tivity was not significant at the

These ehanges

However, this add-

5%level. In support of the trend

seen in table 6, dieldrin at a dietary level of 1 ppm had significant
effect on hexobarbital sleep time at 1~ level and on EPN detoxication
at the

5% level. If it is justifiable to assume that inductive additiv-

ity of vitamin A and dieldrin is a reality and occurs at levels of these
compounds lower than those employed here , then the importance of the
phenomenon would greatly increase.

Testing this idea would require

development of methods more sensitive than those used in this research.
The practical importance of these data should be investigated further.
A further experiment was conducted to verifY the inductive capacity
of vitamin A and to test the inductive capabilities of other fat-soluble
vitamins.

Vitamins A, D, E, and K were added to rat diets as 258 and 516

ppm crystalline vitamin A acetate; .1, 10, and 100 ppm calciferol; 5 , 000
and 20 ,000 ppm DL-alpha-tocopherol; and 1 and 100 ppm menadione respectively.
12.

The experiment lasted 15 days.

Results are summarized in table

Induction by the 258 level of vitamin A was of rather small magni-

tude and was detected only by hexobarbital sleep time.

However induct-

ion of hexobarbital sleep time in rats fed the 516 ppm level of vitamin
A was significant at the 1~ level.

It is concluded that the inductive

capacity of vitamin A was r elatively weak .

Vitamin

A£!!.!:~

may not have

been the actual inducer but rather the active compound may have been a
metabolite.

Longenecker et al. (19.39) found that beta- ionone, a compound

Table 12.

Effect of various dietary levels of vitamins A, D, E, and K on activity of hepatic microsomal
hydroxylative enzymes in rat5
No. of Liver weight
rata (g/lOOg B\-1)

Treatment

.n

Control

5

4. 72 ±

Vitamin A (258 ppm)

4

4. 60 ± . 04

Vitamin A (516 ppm)

5

5-12 ± . 27

Vitamin

Dz

( . 01 ppm)

5

Vitamin

Dz
Dz

(10 ppm)

EPN detox.
( l!g PNP )
50 mg liver

)lg

PNP

)

5omg liver

Aniline
oxida:;e

(-~)
g liver

Hexobarb .
5leep time
(min . )

.1

1.7 ± .2

28 ± 4

·7 ± . 2

1.6 ± . 4

23

.4

1.7 ± .1

31 ± 4

4. 60 ± . 08

·7 ± . 2

1.6 ± .2

24 ± 3

131 ± 13

3

4 -77 ± . 22

·7 ±

2 -7 ± . 4

25 ± 4

165 ± 12*

(200 ppm)

1

5 -74

1.2

4 .1

39

Vitamin E (5000 ppm)

4

4. 45 ± . 22

1-1 ± . 2

2. 8 ± . 2

18 ± 1

130 ± 9

Vitamin E (20,000 ppm)

4

4. 85 ± . 22

2.2 ± 1.4

2 -7 ±

·?

18 ± 2

ll8 ± 12

Vitamin K3 (1 ppm)
Vita!nin K3 (100 ppm)

5

4. 50 ±

.n

-7 ±

ol

1.7 ± .1

28 ± 5

136 ± 7

4

4. 67 ± .08

.8 ±

.2

1. 6 ± . 2

23 ± 3

126 ± 5

Vitamin

.6 ±

0-demeth.
(

1.3 ±

·5

±2

120 ± 3
98 ± 14
76 ± 5**
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with identical ring structure to vitamin A, was quite active in stimulating ascorbic acid excretion in rats.
The results from feeding the other fat-soluble vitamins were so inconsistent as to virtually defy interpretation.

No firm evidence of

strong inductive capability of any of the compounds 1-1as detected.
amin D at the 200 ppm level was toxic; 4 out of 5 rats died .

Vi t-

Even at

the 10 ppm level, vitamin D stimulated significantly lengthened hexobarbital sleep time.

In baffling contrast to this, the same vitamin stim-

ulated increased activity of EPN detoxication and 0-demethylase.
oxidase values were si:Jnewhat depressed.
~ovals

Aniline

Data for rats treated with both

of vitamin E formed the same odd pattern, elevation of EPN detox-

ication and 0-demethylase activity but depression of -aniline oxidase and
elevation of hexobarbital sleep time .

Menadione produced no significant

changes except for an inconsistently lengthened sleep time in rats fed
1 ppm.

In this, as well as in previous experiments in rats, there was

an apparent correlation of EPN detoxication with 0-demethylase, and
hexobarbital sleep time with aniline oxidase.
not apparent.

Significance of this is

Brown et al. (1954) observed that a number of oxidized

animal products including ergosterol caused elevation of microsomal en-

zymes.

Diets used in this study containing fat-soluble vitamins were

kept in a refrigerator but some r ancidity could have occurred in the
feeding jars .

It appears that none of the fat-soluble vitamins were

potent inducers.

Vitamin A had 1-1eak induction capacity while the others

were either stimulators or inhibitors of microsomal enzymes.

Further

experimentation is needed to fully assess these data.
The main conclusion that can be drawn from this section of study is
that altering concentrations of normal dietary components can alter
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microsomal enzyme activity.

The reduced levels of enzyme activity in

animals fed a semipurified diet probably were due to a lack of natural
inducers.

Increasing dietary content of vitamin A to very high levels

resulted in increased enzyme activity.

These findings cause one to

question the criteria of normal levels of enzyme activity.

The micro-

somal enzyme activity in animals fed conventional diets could actually
be in a chronically induced state.

Such a line of thinking extends to

the question of defining a true basal activity that exists exclusive of
any induction.

It might be impossible to answer this question.

Even if

there were no inducers in the diet, endogenous inducers might still produce an effect.
~

of Ascorbic Acid Deficiency E.!l Induction of Liver

Mi crosomal Enzymes

£l Organochlorine Pesticides

lnrpainnent of induction
The following experiments were designed to test the hypothesis that
induction produced by organochlorine pesticides would be impaired in
ascorbic acid deficiency in guinea pigs .

Impairment is defined as a

decrease bel01-1 the level of maximum induced enzyme activity.
parison

~las

The com-

made cJf the units of induced, not total, activity.

The first experiment tested the effect of severe ascorbic acid
deficiency on induction of microsomal enzymes by organochlorine pesticides.

Dieldrin , DDT, and lindane were fed to guinea pigs at 25 ppm of

the diet for

15 days . Each pesticide was fed with a normal di et (as-

corbic acid fortified) and an ascorbic acid-deficient diet .
All animals fed ascorbic acid-deficient diet, regardless of any
concurrent pesticide feeding , developed frank scurvy.

Anorexia, body

weight loss, lm>ered water consumption, hemorrhagic enteritis, and hematomas in the hock region were observed antemortem.

At necropsy, hemorr-

hages were found in various parts of the carcass but , of those sites
examined careruily, hemorrhages were most consistently found in the soft
tissues adjacent to the femorotibial joint.

These were sometimes locat-

ed subcutaneously or intramuscularly but were most noticeable between
the fascial sheets overlying the rostral and lateral aspects of the articulation.
Data for

~cal )assays

performed are presented in table 13.

Re-

~.._

sults from the group s fed the ascorbic acid-fortified diet were also
presented in table 7 and have already been discussed.

The animals fed

only ascorbic acid-deficient diet had enzyme levels about one-half those
of the controls.

Pesticides added to the ascorbic acid-deficient diets

differed in their inductive effects.

Induction by DDT and lindane was

completely absent in animals on the deficient diet; there ~>as 10o;6 impairment of induction.

Dieldrin treatment, unlike DDT or lindane, in-

creased enzyme levels above those of the deficient controls; still the
enzyme levels were far below those induced by dieldrin on a fortified
diet.
Induction was indeed impaired in the initial experiment (table 13)
but it was not possible to determine whether the cause
acid deficiency

ruu: E or the loss of body

last few days of the experiment.

~leight

a major cause of impairment of induction.

<~eight

~las

the ascorbic

which occurred in the

loss may not actually have been
There was1 for example, sub-

stantial induction in guinea pigs fed 50 ppm dieldrin (table 7) in spite
of reduced feed consumption and lowered weight gains (tabl e 20 in the
Appendix).

None the less, confounding of the effects of dieldrin with

Table 13.

EffectG of dietary DDT, lindane, and dieldrin on activity of hepatic microGomal hydroxylative
enzymeG in normal and scorbutic guinea pigo

Trcat.>ncnt

Control
AGe. ac. dofic. diet
DDT (25 ppm)
DDT (25 ppm)"in aoc . ac.
defic. diet
Lindane (25 ppm )
Lindane (25 ppm) in asc.
ac . defi c. diet
Dieldrin (25 ppm)
Dieldrin (25 ppm) in aGe .
ac . defic . diet

Aniline
No . Liver
EPN detox.
0-demeth.
oridaGe
of 1-1eight
( _ pg PNP
~ ( pg PNP
~
p.g PAP_'\
GP ( g/lOOg BH) \50 mg liver; 50 mg liver/ (
g liver/

A::worbic
acid
()lg/ g liver)

Body <~eight
gain
( g/lOOg orig
131/)

5
4
5

5 . 08 ± . 45
5 . 80 ± ·36
4.53 ± .)4

6 . 4 ± .49 ·7 ± · 9 /
4.5 ± ·7 - 5·2 ± · 3
--8 . 2 ± 1.0
11.7 ± 1.1

39 ± 4
75·7 ± 13· 9
6.9 ± 2.8
29 ± 3
53 ± 10-- 52 . 8 ± 19 . 2

52 . 2 ± 5·0
12 · 3 ± 8 .1
lf5 . 6 ± 6 . 8

4
5

6.16 ± . 27
) . 88 ± .24

- 4.4 ±
7.2 ±

- 4.5 ± ·7
12.9 ± 1.1

25 ± 2
60 ± 4

5 · 9 ± 1.8
47·5 ± S. 6

5·3 ± 7 . 6
46. 8 ± 3·9

4
4

5 ·33 ± . 29
4 . 85 ± ·33

4.9
10.5

5 ·3 ± . 4
23 . 6 ± ).2 /

25 ± 2
90 ± 13

± 2 .5
± n. 6

26. 0 ± 5 · 9
51 . 0 ± 4 .1

3

5·91; ± ·13

8. 6 ± 2.6

49 ± 16

.8
.6

± ·7
± 1·3

4. 3 ±

.8

~

8 .2
53.0

6 . 6 ± 1.5

1 6 . 0 ± 2 .1 -

LSD critical valueG at :2;~ l evela
3
3
4
4

5

x
x
x
x
x

4 conmari!lon
5 comj,ariGon
5 comparison
4 compariaon
5 compariGon

1.46
1.08
1.18
1.29

1 . 09

6. 0
5 .4
4.8
5·3
4 .5

31
28
25
27
23

a StatiGtical ai¢ficance of difference of tHo means uGing critical value for number of animals in each
treatment .
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weight loss was present in the data of table 13.

Procedures have been

employed by others to overcome the problem of >Ieight loss, such as pair
feeding and starvation trial:J.

However as pointed aut by Ginter et al.

(1968) these techniques can introduce serious error:J.

The problem then

was to show induction impairment befor e the occurrence of weight loss.
Accordingly , shorter term expe riments (14 and 1 2 days) were conducted with dieldrin being fed only during the final four days of each experiment .

The design in each exper iment was a basic 2 x 2 factorial as

explained in the methods section.
Results from the 14 day experiment are summarized in the upper part
of table 14.

Induction was impaired markedly a s me a sured by the O-de-

methylase and aniline oxidase enzyme tests .

Interaction of the effects

of dieldrin and ascorbic acid deficiency on 0-demethylase was significant
at the

5%level.

However, baseline enzyme levels were depressed by as-

corbic acid deficiency.

In addition , some animals had depr essed weight

gains in this experiment, rendering interpretation of the impairment
subject to some degree of c oni"ounding (table 20 in the Appendix).
Results from the 12-<iay
part of table 14.

experiment are summarized

in the lower

In animals fed dieldrin in asc orbic acid-deficient

diet, activities of both 0-demethylase and aniline oxidase were much
belot~

the levels attained in animals fed dieldrin in the diet fortified

with the vitamin.

Because weight gains in animals f ed ascorbic acid-de -

ficient diet were normal (table 20 in the Appendix)

the

confounding was largely circumvented by this experiment .

problem of
Interpr etation

of the data was complicated by erosion of the enzyme baseline (decrease
below control value s) in animals fed only diet deficient in ascorbic acid .
In statistical analysis the inductive eff ects of dieldrin on both

Table 14.

Treatment

Effects of ascorbic acid deficiency on activity of hepatic microsomal hydroxylative enzymes in
guinea pigs fed normal and dieldrin- containing diets for the last four days of the experiments
No.
o:f
GP

f:-J
'1",(.

-l

"-1~

""'<?

v:r

'\ ' / j
t

111-daz elS!lcriment
Control
5
_Ascorbic acid defic . diet
5
Dieldrin (25 ppm)
5
Dieldrin (25 ppm) in ascorbic
5
acid dcfic . diet
Factorial Analzsis - F values
Dieldrin effects
Ascorbic acid deficiency
Dieldrin X Asc. acid defic.

Liver
weight
( g/lOOg Bl-l)

4.)0
4. 64

5.20
5.42

12 -<iaz OlS!leriment
Control
4. 50
7
Ascorbic acid defic . diet
5. 02
9
4. 44
Dieldrin (25 ppm)
7
Dieldrin (25 ppm) in ascorbic
4. 8)
9
acid defic , diet
Eactorial il~alzsis - F value s
Dieldrin eff ects
Ascorbic acid defic ,
Dieldrin X Ascorbic acid defic .

1

.28

. )6
. )0
. )0

0-demeth.

e~g
PNP
~
50 mg liver
9.2 ±

·7

6. ) ± ·7
22 .1 ± 1.5
11 .9 ± 2. 7
)). ))2**
1 6. 263**

5.200*
. 22

.25
;2)
.2)

8.5 ±
4. 6 ±
15 . 6 ±
g.8 ±

Aniline
oxidase

liver
~)
32
27
69
47

±
±
±
±

Ascorbic acid
(pg/g liver)

Body >10ight
gains
(g/l OOg orig .
B'tl )

5

11) . 0

6
4
8

115 . 6
12 . 5

12.5
2. 9
31.1
2. 9

156. 0
16.9
1)2.2
17. 7

14. 6
l .J
8.8
1.0

g.o

5.2

) .4
8.9

2.5

2.4
1.2
1.4
2. 4

2) .)72**
5.060*
1.993

.6
.4
1.4
·7

91 · 835**
57. 612**
2.170

33 ± 4
18 ± 2
56 ± 6
35 ± 3
)6 . 292**

)1 .875**
. 821

g. )

.g

6.9
7.4
6.6

·7
1.2
1 .1
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0-demethyla:;o and aniline oxida:;e activity~mre significant at the 1~ level.
The deprassingeffectn of ascorbic acid deficiency on activities of both
enzymes were also significant at the

1%level.

The interaction (impair-

ment of induction), although substantial, ~1as not significant at the
level .

5'/.

Here , as in table 10, the problem of the form of presentation of

inductive values was present.
Depressed microsomal enzyme activity in ascorbic acid-deficient
guinea pigs has also been observed by others.

Axelrod et al. (1954),

in a well conceived set of experiments , showed that acetanilide, aniline,
and antipyrine were metabolized mainly by hydrwcy-lation.

Further, they

showed that biologic half life , as measured by plasma concentration fOlfor all three compounds in
guinea pigs fed scorbutigenic diets for 16 to 20 days.

Conney et al.

(1961) found decreased zoxazolamine metabolism in guinea pigs fed ascorb-

ic acid-deficient diet for 10 to 14 days.

Degkwitz and Staudinger

(1965 c) observed that liver microsomal preparations from scorbutic

guinea pigs had dramatically depressed ability to hydroxylate acetanilide.

Degkwitz et al. (1968) later shO'"ed that in scurvy the hydroxylat-

ion of coumarin ~ ~ was depressed about 9rJ%•

Recently Kate et a1.

(1969) reported substantially depressed hydroxylation in vitro of aniline,

hexobarbital, and zoxazolamine in guinea pigs fed ascorbic acid-deficient diet.
From the studies presented on impairment of induction j t is concluded that ascorbic acid deficiency in guinea pigs prevented maximum
induction of microsomal enzymes by dieldrin.

This impairment occurred

before body weight gains were adversely affected.

Time course ntudies
The time course of impairment of induction was studied by

en~e

determinations in guinea pigs after various periods on the deficient
diet.

Animils were placed on a 2 x 2 fa ctorial arrangement of treatments

as explained in the methods section.

Results of the first experiment

obtained after 4 , 8 , and 1 2 days on the deficient diet are presented in
tabla 15·

Significant erosion of baseline enzyme a ctivity was not seen

in this experiment .

Impairment of induction was computed as the percent-

age difference in induction between the dieldrin- fed animals on fortified and deficient diets .

This computation could not be employed in ex-

periments in llhich there was erosion of the baseline enzyme values.

The

impairment of 0-demet~vlase induction was 51% at 4 days, 71% at 8 days,
and

m at 12 days.
In a further experiment using the identical design, animals were

ld.lled at 2, 4, and 6 days.

Results are given in table 16.

Induction

of 0-demethylase >~as impaired by ~ at 2 days and such impairment increased to 59% and

5%

at 4 and 6 days respectively.

Results for 0-demethylase and aniline oxidase were pooled over

all the time periods of these two time cour:;e experiments and the factorial analyses are shmm in table 21 of the Appendix.
ponses the interaction was significant at the 1% level.
asc orbic acid deficiency

>~ere

For both resThe effects of

also highly significant but close inspect-

ion of the interaction tables sho>l that the deficient diet had little
i f any effect in the absence of dieldrin .
The 0-dcrnethylase data in these t>lo time course experiments were
combined and plotted in figure 6 .

The shape of the r esponse curve is

not knmm with certainty but impairment of induction lias evident after

Table 15 ·

Treatment

Effects of ascor bic acid defici~cy ~~d dieldrin on activity of hepatic microsomal hydroxylative
enzymes in guinea pigs fed test diets f or 4, 8 , and 12 days
Aniline
No.
0-demeth .
oxidase
of Liver weight ( m~ PNP
PAP )
5o mg liver ( g~gliver
GP (g/lOOg BH )

v

~

Control diet
8.5 ± . 6
3 5. 04 ± . 46
Ascorbi c acid defic . diet
9·1 ± 2.1
J 4. 63 ± .14
Dieldrin (25 ppm) in contr ol diet 3 4. 80 ± . 25
16. 6 ± 2. 7
Dieldrin (25 ppm) in ascor bic
12·5 ± 1.6
3 4. 71 ± ·38
acid defic. diet
Impa:l.nnent of Inductiona
51%
8 davs
Control diet
3 4. 29 ± .43
7·7 ± . 4
10. 2 ± 1.5
Ascorbic acid defic . diet
3 3.86 ± .40
Dieldrin (25 ppm) in contr ol diet 3 4 .52 ± .16
22.3 3·4
Dieldrin (25 ppm) in ascorbic
11 . 9 ± 1.3
3 5·17 ± .18
acid defic . diet
Impairment of Inductiona
71%
12 days
1 0. 0 ± ·7
Control diet
3 4 . 40 ± .43
10.1 ± 2. 2
Ascor bic acid defic . diet
3 4. 63 ± .Ll.S
18.1 ± 4.5
Dieldrin (25 ppm) in control diet 3 4. 65 ± . 23
Dieldrin (25 ppm) in ascorbic
11 . 7 ± 2.1
3 4 . 78 ± .17
acid defic . diet
Impa:l.nnent of Inductiona

34 ± 4
56± 11
107 ± 29
45 ± 12

act . dieldrin in a3C • ac . def . diet - en. act . cont .
en. act . dieldrin in cont . diet - en . act . cont. diet

Bod.y '•eight

gain
{g/lOOg orig.
B\·I)

± 4.1

23 . 2
17 . 6
19 ·5
19·9

± ·3

± 1·3
± 2. 0

± 3· 2

± 17. 4

37· 8
30.6
30.8
37· 9

±
±
±
±

53 . 6
47 . 8
52 · 7
58 . 9

± .6
± 1.'9
± 12 . 3
± 2. 6

162 . 0
33 · 3
164. 0
17.8

± 4.8
± 7·2
± 8.0

± 1 ·7

± .6
± 2. 9

74· 7
15.4
79·7
15 .8

± 40 . 7

± 2. 0

± 5·3
± 1 .6

85%'"
51
36
77
38

--w;;-

\

± 10
± 10
±4

acid
()lg/ g liver)

~

=

~- fen .

±1

29
33
62
47

A!; corbic

die~\

J

± 4

± 12

± 22
± 4

95·7
15 -3
64 . 7
10 . 0

19 . 0
7-4
10 .1
1.8

""'IOO;r

X 100 ; values over 100 r ecorded as 100.

Table 1 6.

Effects of ascor bic acid deficiency on activity of hepatic microsomal hydroxylative enzymes
in guinea pigs fed normal and dieldrin-containing diets for 2, 4, and 6 days
No.

Treatment

of
GP

Liver ·Hei ght
(g/lOOg B':l)

0-demeth.
C''g PNP
50 mg liver)

2 days
4 4 . 04 ± . 23
Control diet
10.4 ± . 8
Ascorbic acid defic . diet
8.5 ± 1.3
3 4. 27 ± ·37
Dieldrin (25 ppm ) in control diet 4 4.21 ± ·37
15·9 ± 2. 4
Dieldrin (25 ppm) in ascorbic
13 . 5 ± 1. 8
5 4 .22 ± .21
acid defic . diet
Impairment of induotiona.
~
4 days
4 3·69 ± .15
Control diet
11.7±1.3
4 4.08 ± .10
Ascor bi c acid defic . diet
8 .9 ± 1.4
Dieldrin (25 ppm) in control diet i; 4.12 ± . 28
21 . 5 ± 2. 0
.s
Dieldrin (25 ppm) in ascorbic
5 4.14 ± .17
15·7
acid defic . diet
Impairment of inductiona
~
6 davs
Control diet
1 2. 6 ± 1.1
5 3·36 ± . 23
As corbic acid defic. diet
11.1 ± . 6
3 3.40 ±1.27
Dieldrin (25 ppm) in control diet 4 3.46 ± .40
23 .3 ± 1.9
4 3·65 ± .17
Dieldrin (25 ppm) in ascorbic
17.8 ± 1. 6
acid defic . diet
Impairment of induction a

=

55ir

a

Aniline
oxida::;e

~~
PAP )
g liver
38 ± 3
32 ± 7
56± 12
56± 8

Asc orbic acid
()lg/ g liver)

Body weight
gain
(g/lOOg orig .
Bl-l)

191. 0
35·5

27 . 3
9. 2
22. 8
5·7

10. 0
9·7
8 .0

7·5

2 .3
1 .4
1.3
1.1

124. 8
28 . 0
157·0
22 . 7

11.8
2. 6
11. 8
4. 2

11. 6
13 · 9
1 6. 4
14.1

1.3
2. 2
2. 2
2.0

163.0
18. 7
175·0
1 6. 2

27 . 6

22.3
21.5
20 .0
23 .1

3.2
3·8
1.3
6.7

195 · 0

39·5

or
48 ± 7
31 ± 8
89 ± 6

56= 5

81%
44
44
93
70

±
±
±
±

5

5
10
11

Li7i%

1 _ ( en . act. dieldrin in asc. ac. defic. diet - en. act . control diet) X 100
en . act. di eldrin in control di et - en. act . control diet

s.o

23· 5
2. 7

84
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Figure 6.

DAYS
Liver concentration of ascorbic acid (pg/g) and impairment in induction of 0-demethylation of p-nitroanisole
by dieldrin in guinea pigs fed ascorbic acid-deficient
diet for various time periods
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two days on deficient diet.

The effect increased with time up to 12 days

but there was apparent plateauing at the later time periods .

The relat-

ionship of importance was not that of time and impairment but rather that
of ascorbic acid levels in the body and the degree of induction impairment.

This can be seen in figure 6.

During t he first two d.9.ys there

'<las a sharp decrease in liver levels of ascorbic acid in animals on deficient diet .

After that .the decrease was more gradual.

There was an

inverse relationship of induction impairment and ascorbic acid
as measured by liver storage of the vitamin.
scurvy , such as hemorrhage or weight loss,

deficien~

No clinical signs of

t~ere

seen at

any

time period.

The stability of the 0-demethylase baseline up to 12 days on deficient diet has been observed also by Kato et al. (1969) .

They observed

a statistically insignificant decrease of 18% in 0-demethylase activity
at 12 days.

However, according to their report, aniline hydr,yoxylation

was reduced 4e'f, at the same time period.

From their data and those

reported here , it '<lould appear that the inflection point was about 12
days for both enzymes.

Depressed enzyme activity '<las not observed be-

fore this, but '<las sometimes seen at this point (compare tables 14 and

15), and '<las almost always observed after the t'<lel th day. From these
time course studies it is concluded that impairment of induction in
guinea pigs occurred as early as the second day on ascorbic acid-deficient diet .

The impairment '<las related to a progressive decline in

liver levels of ascorbic acid .
DietarY levels of a scorbic

~cid

Experiments ;1ere designed to determine whether a law daily dietary
dose of ascorbic acid sufficient for normal growth and physiologic
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fUnction would support maximum induction .

The 2000 ppm level of ascorbic

acid used in the pr evious experiments was much in excess of the r ecommended minimum dosage of 200 ppm (National Research Council, 1964).
In an experiment lasting :>even days, diets containing 10,

and 2000 ppm ascorbic acid
induction stimulated by

~1ere

50, 200,

compared for their ability to support

25 ppm dieldrin .

The guinea pigs had been on

ascorbic acid-deficient diet 11 days before the start of the experiment .
There were several deaths, presumably because of infection, in the commercially acquired , conventional animals.
animals fed diets low in ascorbic acid.

Mortality was greatest among
No signs or lesions of either

scurvy or dieldrin intoxication were observed in any of the animals that
died .

Impairment of induction was marked in animals receiving 10 and

50 ppm ascorbic acid (table 17) but was confounded by the mortality and
poor weight gain (table 20 in the Appendix) .
ascorbic acid there

;~as

some impairment.

Even in animals fed 200 ppm

Liver levels of ascorbic acid

were depressed to about the same level in animals fed 10, 50, or 200 ppm
of the vitamin.
The second experiment differed only slightly in design.

Dietary

levels of 50 , 200 , and 2000 ppm ascorbic acid were fed concurrently with

25 ppm dieldrin .

The length of the experiment itself was r educed to

four days and the period of ascorbic acid deficiency previous to the experiment was reduced to eight days.

Impairment of induction was seen at

both the 50 and 200 ppm ascorbic acid dietary levels and was demonstrated
by all in vitro enzyme tests employed (table 17).

0-demethylase activity

was impaired by 7&% in tho 50 ppm group and ' by 26% in the 200 ppm group .
Because impairment was present in both experiments in animals fed 200
ppm ascorbic acid and the impairment was to about the same degree, there

Table 17.

Effects of varioug dietary levels of ascorbic acid on induction of hepatic microsomal hydroxylative enzyme activity~ dieldrin in guinea pigs

Treatment
- C:a exoerimenta
A::;corbic acid 2000 ppm)
Ascorbic acid (2000 ppm) +
Dieldrin (25 ppm)
Ancorbic acid (10 ppm) +
Dieldrin (25 ppm)
Ascorbic acid (50 ppm) +
Dieldrin (25 ppm)
Ascorbic acid (200 pp:n) +
Dieldrin (25 ppm)

ll- daJ:: exoerimentb
A::;corbic acid (2000 ppm )
Ascorbic acid (2000 p)m) +
Dieldrin (25 ppm
Ascorbic acid ( 50 ppm) +
Dieldrin (25 ppm)
Ascorbic acid (200 ppm) +
Dieldrin (25 ppm)

A.>ri.line
Hortality Liver weight 0- demeth.
oxidanc
) ( )!g PAP )
(deaths) (g/lOOg BY/) ( ~ PNP
.
50
mg
liver
total
g liver
0/6 4 . 62 ± ·35

10.7 ±

1/4 5·35 ± ·51

30 . 0 ± 4 . 2**

3/4 4.76

Ascorbic acid
()lg/g liver)

Body >Ieight.
gain
(g/lOOg orig •
!3';/)

107.2 ± 1 6.4

9·9 ± 5·3

78 ± 1**

92.8 ± 17. 4

2.1 ± 5·7

20.3

63

10.5
11.2 ± -

.8

35 ± 4

-J4.o

3/5

4.81 ± ·55

21.2 ± 3.6•

66 ± 9**

1/5

5· 97 ± .13

26 . 0 ± 2 . 9

75 ± 11

9 .1 ± 1.7

0. 2 ± 7 · 5

56± 7

135·9 ± 21.2

7·9 ± 2 . 4

110.0 ± 22 . 9

6. 5 ± 2.0

3.6 ± -

1/6 4.12 ± . 26

13·9 ±

2j6C 4 .56 ± .17

28 . 8 ± 1.9** 100 ± 10**

2/6° 4.98 ± ·37

16.7 ± 2.1

53± 9

26.9 ±

2. 9

4 .1 ± 1.1

l/6c 4.68 ± .19

24. 6 ± 4.0**

82 ± 8

33·1 ±

6. 3

6.2 ± 1.0

.8

a Pretreatment of all groups for 11 days on ascorbic acid deficient diet.
b Pretreatment of all groups for 8 day::; on ascorbic acid deficient diet.
c No death::;, animals were excluded becau::;e of \<eight loss •
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is same doubt as to the adequacy of dietary levels of 200 ppm ascorbic
acid to support maximum induction.

In view of this it is interesting

that some commercial guinea pig r ations contain 600 ppm ascorbic acid
and even then animal caretakers often supplement with hay or greens.

No

significant difference was observed in liver levels of t he vitamin between those fed 50 ppm and tho::;e fed 200 ppm .
In these experiments, guinea pigs fed 200 ppm ascorbic acid were

able to support 74% of maximum induction of 0-demethylase in spite of
storing only 9.1 pg of the vitamin per g of liver (table 17),

By

com-

parison, animals which were fed a diet deficient in ascorbic acid and
which had approx:ilnately the same liver l evels of the vitamin (10,0 pg/g)
were only able to support 21% of maximum induction of 0-demethylase
(table 15) .

Therefore support of induction was probably more closely

related to dietary than liver l evels of ascorbic acid .

Degkwitz et al.

(1968) concluded that maintenance of normal microsomal enzyme activity
depended on adequate liver levels of the vitamin. They,

hot~ever ,

did not

make a comparison to a low dietary level of ascorbic acid.
A possible mechanism for this

irrel~vance

of liver levels of ascorb-

ic acid at lower concentrations is that part of the ascorbic acid in the
liver

~1as

in a bound or nonutilizable form.

According to Lewis and

Chiang (1960), the proportion of bound ascorbic acid in the liver increased in scurvy.

Thus, at low concentrations of the vitamin in the

body, dietary ascorbic acid Hould perhaps be more readily accesnible
than that stored in the liver •
Sex differences and microsomal
Protein
The final experiment was designed to determine (1) possible sex
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differences in the effect of ascorbic acid deficiency and (2) effects
of ascorbic acid deficiency and dieldrin on concentration of hepatic
microsomal protein.

Guinea pigs of both sexes were assigned to treat-

ments in the basic 2 x 2 factorial arrangement as explained in the methods section.
Results are presented in table 18.
v19re seen in any of the responses.

No significant sex differences

In factorial analysis , the 111ain

effe ct of sex was insignificant for all responses.

Induction by dieldrin

and its impairment in ascorbic acid deficiency were nearly equal in the
~~o

sexes.

The interaction of dieldrin and ascorbic acid deficiency

effects on aniline oxidase activity l-Jas significant at the

5%level.

Microsomal protein concentration in the liver l-Jas unaltered by dieldrin
in animals fed ascorbic acid.

H01~ever

the microsomal protein concentrat-

ion was diminished in a.nilllals fed ascorbic acid-deficient diet; addition

of dieldrin to the deficient diet prevented this de crease .

This

effect of dieldrin in animals fed ascorbic acid-deficient diet was probably the reason for the significant main effect of dieldrin on microsomal protein concentration.
The similarity in the responses of the sexes was expected.

other

researchers studYing effects of ascorbic acid deficiency on baseline
activity of microsomal enzymes in guinea pigs have not reported sex
differences and have even mingled the sexes in their experiments
(Axelrod et al., 1954; Degkwitz et al., 1968).
Tho slight reduction in concentration of microsomal protein in
animal:! fed deficient diet was consistent in the wo sexes.

agreement uith data r ep orted by Kato et al. (1969).

It was in

The ~~~agnitude of

the reduction was small but possibly was real rather than apparent.

Table 18.

Effect5 of ascorbic acid deficiency on activity of hepatic microsomal hydroxylative enzymes
and micro5omal protein in male and female guinea pi&5 on normal and dieldrin-containing diets
No.
of

Treatment

GP

Liver ~reight
( g/lOOg !3'11 )

0-dcmeth .
(

ug

PI~

S0ll'.g

Aniline
oxida5e

1~~)

liver

Aacorbic acid
(pg/ g liver)

Hicrosomal
protein
(mg/g liver)

19 . 8 ± · 7
17 .2 ± 1 . 2
19 . 2 ± 1.3
20 . 2 ± ·7

g liver

Hale
Control diet
Aacorbic acid defic . diet
Dieldrin (25 ppn) in contr ol diet
Dieldrin (25 ppm) in ascorbic
acid defic , diet

6
6
6
6

4 .44 ± . 27
4. 07 ± . 30
4. 44 ± .14
4. 39 ± .14

13 .1 ± 2.0
9·9 ± 1 . 4
21 . 8 ± 3·3
21 . 8 ± 2. 9

40 ± 5
37 ± 4
85 ± 9
63 ± 6

150 . 2 ± 22.7
18 . 3 ± 2. 2
130. 0 ± 10.5
15 · 9 ± 2. 9

Femal6
Control diet
Ascorbic acid defi c, diet
Dieldrin (25 ppm) in control diet
Dieldrin (25 ppm ) in aacorbic
acid defic . diet

6
6
6
6

4 , lf7 ± .18
4 . 59 ± . 29
4. 35 ± .25

13· 7
8.0
28 . 9
17. 8

± 1. 7
± ·9
± 2. 3
± 2. 3

37 ± 4
31 ± 3
85 ± 9
62 ± 6

1 32.2
13 . 6
129 .1
15 . 4

5. 08 ± .25

Factorial nnalvsis - F values
Dieldrin
A5corbic acid deficient
Sex
Dieldrin X ascorbic acid defic ,
Dieldrin X sex
A5corbic acid defic, X 5ex
Dieldrin X ascorbic acid defic , X crox

39. 867**
9 . 089**
. 022
· 533
. 044

1.756
. 444

76 . 053**
10 . 088**
. 262
4 . 635*
. 290
. 044
. 048

n .4

5·9

14. 2
1.7

19 · 5
17 · 2
20 . 6
19 . 9

± 1·5
± 1 .4
± ·9
± ·9

5· 078*
2. 367

.045

2.603
.156
. 222
· 321
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Statistically the main effect of ascorbic acid deficiency on concentrat-

5%

ion of microsomal protein was not significant at the

level but the

F was greater than unity indicating that the probability is greater for
reality of the observation than for apparency.
Before this experiment was performed it was thought that impairment of induction could result from impaired enzyme

~thesis.

These

data do not support this idea but it might be that the volume of structural protein was so great as to mask changes in concentration of enzyme
protein.

Induction of microsomal enzyme activity in rats by 3-methyl-

cholanthrene did not increase microsomal protein (Conney and Gilman,
1963).

Thus it Has not possible to reach a definitive conclusion re-

garding mechanism of ascorbic acid deficiency in impairment of induction.
General observations and interpretations
Some observations were made in the course of the experiments on
effects of ascorbic acid deficiency Hhich did not

justi~

comment in

each experiment.
Liver weight was increased in scorbutic guinea pigs (table 13).
This finding was in agreement with that of Kato et al. (1969 ) and Degkwitz et al. (1968).
artifacts.

These liver weight increases in scurvy perhaps were

They could have resulted from a rapid loss of

unaccompanied by loss of liver

On

weight

The proportional liver weight

~Ieight.

would then appear to be increased.

b~y

the other hand, the increased

weight could be the result of adaptation changes in the liver.
Dieldrin had little i f any effect on·liver

~Ieight

in guinea ·pigs.

I n most experiments liver weight was only slightly increased by dieldrin
treatment and in a few it was decreased.
where liver weights

~10re

This is in contrast ·to rats

elevated in all groups fed dieldrin or other
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potent inducers (table 5).

These subtle liver weight changes in guinea

pigs associated with both ascorbic acid deficiency and dieldrin should
be investigated further in morphologic studies.
Reduction of liver levels of ascorbic acid in groups fed dieldrin
was observed in many, but not all, of the experiments.

It might be that

the mechanism is similar to that by which benzene and other industrial
canpounds reduce body levels of ascorbic acid.

One would suspect that

dieldrin either induced ascorbic acid-degrading enzymes or ascorbic acid
·was consumed in the detoxication of dieldrin.
The role of ascorbic acid deficiency in events bringing about dopression of normal and induced microsomal enzyme activity is unknown.
The dysfunction resulting from the deficiency could involve the hydroxylation

reaction~~

or could be distantly related to it by a decreas-

ed supply of factors needed in the reaction.

Speculation about the

possible mechanism could consider participation of ascorbic acid in the
fOllowing:

(1) tho electron transport chain, (2) the hydroxylation

reaction by enzymic or nonenzymic processes, (3) synthesis of enzymes,
and (4) contrOl of inhibitory processes.

Ascorbic acid participation in the hepatic microsomal electron
transport chain has been theorized by Degkui.tz and Staudinger (1965a and
1965c)from experiments on
guinea pigs.

hydroxylation of acetanilide by scorbutic

Such hepatic enzyme activity was substantially depressed

in frank scurvy.

The actual form of the electron-donating species was

thought to be semidehydroascorbic acid which donated one electron at a
time.

They (Deglmitz and Staudinger, 1965 b) Here even able to find

evidence of the requirement for ascorbic acid in microsomal hydroxylation
in rats, a species having no dietary rt.'quirement for the vitamin.
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Preincubation of rat microsomos at pH 8 caused the
acid and a paraJJ.el loss of hydroxylating activity.

lo~s

of ascorbic

Thi~ lo~s

of act-

ivity was partially restored by addition of ascorbic acid, and almost
completely so
Some

~

dehydroascorbic acid .

~tudies

have been made of components of the electron transport

system in ascorbic acid deficiency.

Degkwitz et al. (1968 ), in research

involving scorbutic guinea pigs, found reductions in cytochrome P-450 and
NADPH

oxi.da~e

>lhich •1ere not due to starvation b;ut which were related

to a dramatic decrease in coumarin hydroxylation .

Injection of ascorbic

acid one hour before ldlling the animals partiaJJ.y restor<.>d coumarin
hydroxylation and cytochrome P-450 but not NADPH oxidase activity.

It

can be argued that ascorbic acid is not a member of the electron transport chain but rather supports the formation of cytochrome P-450.
ever Kato et al· (1969 ), in studies

of

How-

guinea pigs fed 12 days on ascorb-

ic acid-deficient diet, found that cytochrome P-450 was r educed only

9;t ;

and NADPH oxidase activity was not reduced at aJJ..

Kato et al. (1969) held the opinion that microsomal enzyme depression in ascorbic acid deficiency was not related to the electron transport chain but to activity of the terminal hydroxylase.
intere~ting

possibility but,

becau~e

purified , it is difficult to prove.

This is an

microsomal enzymes have not been
Same ascorbic acid-dependent

hydroxyla~e~ are

knmm.

adrenal glands .

Hood and Zannoni (1969) p ostulated that ascorbic acid

l·la~

Levin et al. (1960 ) found such an enzyme in the

a component of the liver system that hydroxylates p- hydr9:x;;rPhenyl-

pyruvic acid .

By analogy, there is the possibility that ascorbic acid

is a cofactor for a microsomal hydroxylase that is important in detoxication of fat-soluble xonobiotics.
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The possibility that microsomal hydroxylation is a nonenzymic ascorbic acid-dependent process HaS raised by the devel opment of a model
reaction s,rstem by Udenfriend et al . (1954) capable of hydroxylating
aranatic compounds .

Brodie et al . (1954) employed the Udenfriend s,rstem

on aniline, ace tanilide, and other benzene derivatives as substrates and
obtained products identical to those produced in viv o .

Boyland et al.

(1 964 ) extended these r esults to include a number of polycyclic canpounds
and Hrunil ton et al . (1964 ) further extended them to cy clohexane .

ever it is doubtful that this correc:t.ly simulates the

i!2

~

Haw-

process

because (1) there is littJ.e or no NIH shift in the products {Guroff et
al., 1967 ) and (2 ) the proportional distribution of para, ortho, and
meta hydroxylated products of acetanilide differs markedly fr0!11 that
produced by enzymatic action (Staudinger and Ullrich, 1 964 ) .

Ullrich

llt al . (1968 ) studied a numbe r of model s,rstems and their possible relationship to microsomal hydroxylation .

They found that the Udenfriend

system did not produce the corre ct profile of species to be considered
representative of in vivo circumstances .
Anothe r p ossibility for the action of ascorbic acid in

microsomal

hydroxylations is that it is required in sane manner for micros0!11al enzyme s,rnthe sis.

Dinning et

ru. .

(1 957 ) found t.hat serine and methionine

s,rnthesis were reduced in s corbutic guinea pigs .

A similar decrease in

glutamine s,rnthesis was reported by Ferrari and Uboldi (1960 ) .

}!ohanram

and Rao (1967 ) observed a decrease in incorporation of radioactive labeled leucine into live r proteill of scorbutic guinea pigs .

The case is

strengthened by making an analogy to the requirement for ascorbic acid
in s,rnthesis of structural proteins.

As an example , collagen proline

hydroxylase was reported by Hussini et al . (1967) to r equi r e ascorbic
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acid as a cofactor.
Lastly, ascorbic acid might act by controlling a process which inhibits hydroxylation.

For example, it has been theorized that electrons

>Jere shunted away from oxygen activation and were used for hematin-catalyzed peroxidation of unsaturated fatty acids (Tappel, 1962 ).

Ascorbic

acid has been employed in vitro to control hematin-catalyzed peroxidation
(Lew and Tappel, 1956).

Hematin also could possibly be acting as a

repressor of cytochrome P-450 formation (Narver at al., 1968 ).

In either

case, by preventing peroxidation or repression of cytochrome P-450
synthesis, ascorbic acid

l~ould

be acting in a regulatory capacity.

Of these various theories for the possible action of ascorbic acid

in microsomal enzyme activity, it would seem a most profitable one for
further research is investigating repression of cytochrome P-450 form~tion.

The work of Kappas and Granick (1968) suggests that steroid

induction may also be involved and thus ascorbic acid-endrocrine interactions might be the basis of the regulatory mechanism.
It is possible that the mechanism of ascorbic acid deficiency-impairment of induction is multifactorial .

I f the deficiency-impaired

function is a rate limiting step in the overall hydroxylation process,
then an early stage of deficiency would impair induction and a later
stage of deficiency would impair enzyme activity in animal:; not fed an
inducer.

This was seenj induction was impaired after two days on de-

ficient diet and the enzyme activity baseline started to erode at about
12 days.

But, in spite of both of these detrimental effects, dieldrin

stimulated a small amount of induction in animals at all stages of deficiency.

This limited induction by dieldrin seemed to be independent

of the stage of deficiency.

Dieldrin fed to animals on ascorbic acid-

deficient diet did not produce more induction when fed the first four
days of the deficiency than "hen fed on the tenth to fourtheenth days .
Compare deficient and dieldrin-fed deficient groups on table

14 with

those in tables 15 and 16.
A highly speculative conclusion from this is that two or more rate
limiting steps are involved in the overall hydroxylation process .
first of these i s probably ascorbic acid-dependent
might have no such dependency .

~1hile

The

the second

Hcn-10ver, the possibility is just as

strong that only the first is important.

The induction process perhap s

has a high place on the body 's priority of uses for ascorbic acid , and
although in ascorbic acid defi ciency not en ough of the compound is available for maximum induction still enough ;10uld be available to support a
low l evel of induction .
run so

lot~

Eventually the supply of ascorbic acid ;1ould

that none ;rould be available even for high priority uses and

induction would be blocked completely.

This perhaps is ;rhat happened

in the scorbutic guinea. pigs fed DDT or lindane (table lJ).
From the studies on ascorbic acid

deficien~J.

it is concluded that

induction of microsama.l enzymes by dieldrin ;ras impaired by a relatively
mild stage of ascorbic acid deficiency.

This Ll1!pairrnent was related to

dietary rather than liver levels of the vitamin.
differences in the impairment.

There t·rere no sex

Liver Height and live r concentration of

microsomal protein were not significantly altered by the impairment.
is quite probable that one function of ascorbic acid in
maintenance of induction of microsomal enzymes.

~etoxication

It
is

-,
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SUM!1ARY

Various organochlorine pesticides and dietary factors influencing
induction of hepatic microsomal hydrox;ylative enzymes were studied.

In

rats, measures of enzyme activity employed were hexobarbital sleep time
and in vitro determination of EPN oxidative detoxication to p-nitrophenOl,
0-<l.emethylation of p -nitroanisOle, and aniline hydro:xylation.
pigs, only the

in~

tests were routinely performed .

In guinea

Other measure -

ments made in experimental animals were body weight gain, feed consumption , liver weight, and tissue assays of vitamins and pesticides.
Endrin tOlerance was studied as a practi cal application of induction
of microsomal enzymes.

Rats fed endrin at

25

ppm of the diet for two

weeks became severely intoxicated in the first week but returned to
normal body weight gains in the second.
endrin comsumption.

Substantial induction follm•ed

Tho causal relationship suggested by the parallel-

ism of induction and tOlerance development was confirmed by protecting
rats against cndrin intoxication by pretreatment l·li th two structurally
unrelated inducers , dieldrin and phenobarbital .
the mechanism of tolerance

~las

I t is postulated that

induction of endrin-degrading microsomal

enzymes.
Comparisons were made of the inductive capacities of dieldrin , DDT,
Ovex, heptachlor ep oxide, lindane, ganuna-chlordane, and endrin when fed
to rats at

25

ppm of the diet for two weeks .

It is concluded that or-

ganochlorine pesticides in general 1·1 0re rather potent inducers with
dieldrin being ono of the most potent.

This compound was active at 1

ppm and produced greater inductive response than DDT in the range of 1

98
to

50 ppm.
DDT and dieldrin were compared as inducers in guinea pigs.

DDT

stimulated little increa:>ed activity of the in vitro enzyme tests and
wa:> totally ineffective in antagonizing dieldrin storage.

In contrast,

dieldrin induced in vitro enzyme activity quite well and antagonized
the storage of DDT .
Preliminary studies

l~ere

done on various dietary factors. It

~1as

found that enzyme levels were lowered in rats by consumption of a semipurified diet but this same diet supported induction by dieldrin as well
as a conventional diet.

Dietary deficiencies of vitamins A am E had

no demonstrable effect on enzyme activity in rats f ed the deficient
Excessive dietary doses of vitamin A, 258 and 516

diets for six I>eeks.

ppm, stimulated a low level of induction in rats .

Excessive dietary

doses of other fat-soluble vitamins, dl-alpha-tocopherol, calciferol,
and menadione , were also studied but the results

~1ere

inconclusive.

Detailed studies ;,ere made of the effects of ascorbic acid deficiency on induction of hepatic microsomal hydroxylative enzymes by diel drin.

Guinea pigs were fed ascorbic acid-deficienct diet for periods

varying from 2 to

15

days.

Induction »as impaired after two days on

deficient diet and there was lm>ering of baseline enzyme activity at
about 12 days.

In spite of both of these detrimental effects dieldrin

stimulated limited induction at all stages of deficiency .

The magnitude

of impairment of induction was related to dietary rather than liver
levels of the vitamin .

No sex differences

~1e re

Concentration of hepatic microsomal protein

l~as

seen in the impairment.
unaltered by dieldrin

tre atment but slightly reduced in ascorbic acid deficiency.
was changed little if at all.

Liver weight
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It is concluded that small quantities of organochlorine pesticides
ingested induce liver microsomal enzymes .

One of the probable fUnctions

of such enzymes i s degradati on of these pesticides .

Abnormal concen-

trations of dietary component:; can substantially alter microsomal activity.

Excess vitamin A is an inducer .

Deficiency of ascorbic acid

impairs both normal and i nduced microsomal enzyme activity .
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APPENDIX

ll8
Table 19.

Summaries of body weight gains and feed consumption of rats

Table
No.a

Treatment

Body weight gain
( g/lOOg orig .B1:1)

5

Control
DDT ( 25 ppm )
Dieldrin (25 ppm)
Lindane (25 ppm )

46. 0
48 .7
36.7
)4. 2

±
±
±
±

5-l
3· 5
3.0
1.2

146
138
127
130

Ovex (25 ppm)
Heptachlor epoxide (25 ppm)
Gamma-chlordane (25 ppm)
Endrin (25 ppm)

44.0
39 -2
36.2
18 . 9

±
±
±
±

4.3
2 .4
4. 0
1.0

1 45 ± 3
142 ± 8
138 ± 5
105 ± 4

Control
DDT ( l ppm)
DDT (5 ppm )
DDT (10 ppm)
DDT (25 ppm)
DDT (50 ppm)

46.0
48 .1
39 - 8
41.5
48.7
45.6

±
±
±
±
±
±

5-l

0.5

1 46
151
1 43
140
138
141

Dieldrin (l ppm)
Dieldrin (5 ppm)
Dieldrin (10 ppm)
Dieldrin (2:;, ppm)
Dieldrin (50 ppm)

41.3
42.8
38 . 6
36.7
38 . 2

±
±
±
±
±

2. 6
2 .0
1. 2
3.0
2.8

138
139
141
1 27
1 23

Conventional diet
Conventional diet + Dieldrin
(25 ppm)
Sendpurified diet
Semipurified diet + Dieldrin
(25 ppm )

36 .0 ± 15.0
32 . 0 ± 1

1 67 ± 7
157 ± 2

34.0 ± 2
32 .0 ± 2

131 ±
122 ±

5
5

±
±
±
±
±

5
5

II
It
It

"

It
It
It

6
It
It
It
It

It
It

"
"
It

10
It

It
It

12
It
It

It

It

It

Control
Vitamin
Vitamin
Vitamin
Vitamin
Vitamin

A
A
D
D
D

Vitamin
Vitamin
Vitamin
Vitamin

E (5000 ppm )
E (20,000 ppm)
K (1 ppm)
D (100 ppm)

(258 ppm)
(516 ppm)
(.01 ppm)
(10 ppm)
(200 ppm)

5-2

3 -4
2.7
3-5

29 .4 ± 1.5
27-9 ± 3 . 4
25 -9 ± 3 -2
31. 8 ± 2 . 9
32 . 4 ± 2.4
- 28 . 4
30 . 8
31.6
28 . 6
33 ·7

±
±
±
±

2 .1
3-2
2 -7
3- 6

a Table number in ,., hich additional data appear.

Feed consumption
g/lOOg orig . Bl·l)

1 21
U 6
ll8
ll9
125
46
ll9
128
109
1 26

±
±
±
±

4
6
7
2

± 4

±1

±
±
±
±

4

5
6
2

± 4
± 6
± 6

± 7

± 8

4
7
10
8
8
8

5
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Table 20.

SUITJliUlries of body ~10i ght r;ains , feed consumption , and F.PN
detoxication in guinea pigs

Table
No.a Treatment

Body weight

gain
( gjlOOg orig.

Feed consumption
(g/lOOg orig .

B\•/)

7
II

II

8
II

9
II
II
II

13
II
II
II

II
II

II
II

EPN detox. r
( pg PNP
)
50 mg liver

Bl-1 )

Control
13.0 ± 2.5
Dieldrin (1 ppm)
19.0 ± 2.6
DDT (50 ppm)
8. 0 ± 1.9
DDT (50 ppm) + Dieldrin 12. 0 ± 2. 6
(1 ppm)
Dieldrin (50 ppm)
-8 .0 ± 4.1

77 ± 3
85 ± 1
81 ± 7
81 ± 3
69 ± 9

10.7 ±

·9

DDT (50 ppm)
41.5 ± 8. 9
DDT (50 ppm) + Dieldrin 59 · 7 ± 3.2
(25 ppm)

143 ± 13
161 ± 6

5 .1 ±
7· 0 ±

·5

Control
DDT (25 ppm)
Dieldrin (25 ppm)
Lindane (25 ppm)

52 .2 ±

52 .2 ±
acid defic. diet 12.3 ±
DDT (25 ppm)
45. 6 ±
DDT (25 ppm) in asc. ac .
defic. diet
5· 3 ±
Dieldrin (25 ppm)
51.0 ±
Dieldrin (25 ppm) in a::;c.
ac. defic. diet
1 6. 0 ±
Lindane (25 ppm)
46. 8 ±
Lindane (25 ppm) i n asc .
ac. defic . di et
26 .0 ±
Control

14-dal exoeriment
14
Control
5. 2
II
Ascorb . acid defic . diet 3. 4
II
Dieldrin (25 ppm)
8. 9
II
Dieldrin ( 25 ppm) in asc . - 2. 5
a c. defic . diet
1 2 -da~ exoeriment
14
Control
9·3
II
Ascorb . acid defic. diet 6. 9
II
Dieldrin ( 25 ppm)
7. 4
II
Diel drin (25 ppm) in asc. 6. 6
ac. defic . diet

6.1 ± 1. 2
6. 0 ± · 7
6. 7 ± l.J

.8

s.o

149
122
147
122

s.o
8.1
6. 8

149.± 11
128 ± 14
122 ± 11

6.4 ± .4
4.5 ± · 7
8 . 2 ± 1.0

7· 6
4.1

112 ± 7
147 ±53

4.4 ± . 8
10. 5 ± 1.3

2.1
3. 9

117±5
122 ± 4

4.3 ±
7. 2 ±

.8
.6

5· 9

132 ± 6

4.9 ±

·7

45. 6 ± 6. 8
51.0 ± 4.1
46. 8 ± 3· 9

Ascor~ .

5.2 ± . 2

± 11
± 11
±53
± 4

6. 4
8 .2
10.5
7.2

± .4
± 1.0
± 1.3
± .6

2.4
1.2
1.4
2. 4

23
24
29
24

2
1
1
2

4.1
3. 8
6.0
3· 7

.6
.2
.8
.6

0. 9
0. 7
1.2
1.1

26
28
24
26

2
1
3
1

4. 8
3. 8
6. 6
5·0

.4
.4

·5
.4
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Table 20 . Continued

Table Treatment

No. a

days
15
Control
11
.hcorb. acid defic, diet
Di eldrin (25 ppm)
Dieldrin (25 ppm) in
"
asc . ac. defic. diet
8 days
15
Control
11
Ascorb. acid defic , diet
Dieldrin (25 ppm)
Dieldrin (25 ppm) in
"
asc . ac. defic , diet
12 days
15
Control
11
Ascorb. acid defic . diet
11
Dieldrin (25 ppm)
Dieldrin (25 ppm) in
asc. ac. defic, diet
~
16
Control
II
Ascorb . acid defic. diet
II
Dieldrin (25 ppm)
II
Dieldrin (25 ppm) in
asc. ac. defi c. diet
~
16
Control
11
Ascorb. acid defic. diet
11
Dieldrin (25 ppm)
11
Dieldrin (25 ppm) in
asc. ac. defic . diet

~

16
11

II

Control
Ascorb . acid defic. diet
Dieldrin (25 ppm )
Dieldrin (25 ppm) in
asc. ac . defic. diet

Body weight
gain (g/lOOg
orig . BH )
23.2 ± 0 . 3
17.6 ± lo7
19.5 ± 0. 6
19.9 ± 2 . 9

42 ± 2
36 ± 2
36 ± 1
39 ± 2

6.1 ±
7. 4 ±
6. 4 ±
5.2 ±

37. 8 ± 1.3
30.6 ± 2 . 0
30 . 8 ± 5.3
37 . 9 ± 1.6

75 ± 4

5· 7 ± 1.0

53.6 ± 0.6

58 .9 ± 2 . 6

124 ± 9
114 ± 8
125 ± 12
125 ± 2

6 . 2 ± .4
6 . 1 ± 1.7
7.0 ± 1 . 5
7 · 7 ± 1.2

10.0 ± 2 . )
9·7 ± 1.4
8. 0 ± 1 .3
7·5 ± 1 . 1

15 ± 1
16 ± 2
16 ± 1
16 ± 1

4 .8 ± 1.1
4 . 8 ± ·5
6. 2 ± . 6

11 . 6 ± 1.3
13.9 ± 2 . 2
16.4 ± 2 . 2
14.1 ± 2 .0

28

47. 8

± 1. 9

52.7 ±12.3

22.3

±

3.2

21.5 ± ) . 8
20.0 ± 1.3
23 .1 ± 6 .7

7- iay experiment
17
Ascorb. acid (2000 ppm )
9·9 ± 5· 3
11
Ascorb. acid (2000 ppm ) + 2 .1 ± 5 · 7
dieldrin (25 ppm)

II

Feed consume- EPN detox .
tion (g/lOOg (
pg PNP )
orig. B'il )
50 mg liver

Ascorb. acid (10 ppm) + - )4 . 0
dieldrin
Ascorb. acid (50 ppm) +
).6
dieldrin
Ascorb. acid ( 200 ppm) +
. 2 ± 7· 5
dieldrin

67
77
77

±7
±3
±2

±

2

33 ± 3
35 ± 3
33 ± 3

46 ± 4
49 ± 6

.6
·9
·3

·9

5 . 8 ± 1.1
8 . 2 ± 1. 2
6. 7 ± .2

4.) ± ·3

6. 6
8 .1
8.3
6. 7

±
±
±
±

1.8
2.0
1 .2
1 .0

6. ) ± ·3

53± 2

8 . 2 ± ·3
9.8 ± 1.1
8 . 9 ± 1.1

55± 7
37 ± 5

5· 2 ± . 2
8 . 6 ± 2.2

48 ± 3

15
41
40

±

6

7·3 ± 1.0
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Table 20. Continued
Body weight

Table Treatment
No.a
4-day experiment
17
Ascorb . acid(2000ppm)
11
Ascorb. acid(2000ppm) +
dieldrin(25 ppm)
Ascorb. acid (50 ppm) +
dieldrin
II
Ascorb. acid (200 ppm) +
dieldrin

gain (g/lOOg
orig . BH )

Feed consump- EPN detox.
tion (g/lOOg (
pg PNP )
orig. Bt-l)
50 mg liver

7·9 ± 2.4
6 . 5 ± 2.0

31 ± 2
28 ± 2

3·9 ±
7·9 ±

.8

4.1 ± 1.1

28 ± 2

3·3 ±

·7

6 . 2 ± 1.0

26 ± 2

5·4 ± 1.0

Male

18
II
II

Control
2l·9± -6.4
a ci d defic. diet 2 · 3 ± 3 · 9
Dieldrin (25 ppm)
26 .7 ± 2 .1
Dieldrin (25 ppm) in asc.23.6 ± 4.3
acid defic. diet

Ascorb~

94
87
88
112

7

5
5
11

.2

7·9 ± 1.0
66.5 ± ·5
10.0 ± · 9
8.5 ± ·5

Female

18 'Control
II
II
II

33·5 ± 2.9
Ascorb . acid dcfic diet 20 . 3 ± 4.7
Dieldrin (25 ppm)
35 . 6 ± 4.3
Dieldrin (25 ppm) in
19.8 ± 4.4
ascorb. acid defic, diet

98
89
98
93

a Table number in l·l hich additional data appear.

5

8

5
3

7·9
5·8
10.1
6.9

·7
1.0
1.0
.8

Table 21.

Factorial analysis of 0-demethylase and aniline oxidase data from guinea pigs on experiments of
effects of dieldrin and ascorbic acid deficiency on activity of hepatic microsomal enzyme sa
Factorial analJ:sis
0-demethJ::lase
aniline oxidase

Source of variation

Degrees of He an
Freedom
squares

Treatments
Dieldrin
Ascorbic acid deficient
Dieldrin X Ascorbic acid defic.

J
1
1
1

445.25
1008.)6
218.00
109.42

84

1).03

Error

~lean

F
Jll-.17**
77·39**
16.7)**
8.40**

square:;
8299
164-10
5308
3179

F
19.)90**
)8.)41**
12.4-02**
7.428**

428

Interaction tabl es of totals
0-demethylase
Aniline oxidase
Control
Ascorbic acid deficient
Control
Ascorbic acid deficient
Dieldrin (0 ppm)

826.2

Dieldrin (25 ppm)

1162.6

a Values ~1ere pooled over time, animals were ld.lled at 2, 4, 6,, 8, and 12 days. !1eans for time period are
given in tables 16 and 17. 0-demethylase activity exprescred as }lg p-nitrophenol/50 mg livel!' and aniline
oxidase activity expressed as }lg p-aminophenol/ g liver.
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